A new survey: Cone metric spaces by Aleksic, Suzana et al.
ar
X
iv
:1
80
5.
04
79
5v
1 
 [m
ath
.FA
]  
12
 M
ay
 20
18
A NEW SURVEY: CONE METRIC SPACES
SUZANA ALEKSIC´1, ZORAN KADELBURG2, ZORAN D. MITROVIC´3 AND STOJAN
RADENOVIC´4
1 University of Kragujevac, Faculty of Sciences, Department of Mathematics and
Informatics, Radoja Domanovic´a 12, 34000 Kragujevac, Serbia
2 University of Belgrade, Faculty of Mathematics, Studentski trg 16, 11000 Beograd,
Serbia
3 University of Banja Luka, Faculty of Electrical Engineering, Patre 5, 78000 Banja
Luka, Bosnia and Herzegovina
4 University of Belgrade, Faculty of Mechanical Engineering, Department of Math-
ematics, Kraljice Marije 16, 11120 Belgrade 35, Serbia
E-mail: suzanasimic@kg.ac.rs (S. Aleksic´), kadelbur@matf.bg.ac.rs (Z. Kadel-
burg), zmitrovic@etfbl.net (Z. D. Mitrovic´), radens@beotel.rs (S. Radenovic´)
Abstract. The purpose of this new survey paper is, among other things, to collect
in one place most of the articles on cone (abstract, K-metric) spaces, published
after 2007. This list can be useful to young researchers trying to work in this part
of functional and nonlinear analysis. On the other hand, the existing review papers
on cone metric spaces are updated.
The main contribution is the observation that it is usually redundant to treat
the case when the underlying cone is solid and non-normal. Namely, using simple
properties of cones and Minkowski functionals, it is shown that the problems can
be usually reduced to the case when the cone is normal, even with the respective
norm being monotone. Thus, we offer a synthesis of the respective fixed point
problems arriving at the conclusion that they can be reduced to their standard
metric counterparts. However, this does not mean that the whole theory of cone
metric spaces is redundant, since some of the problems remain which cannot be
treated in this way, which is also shown in the present article.
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1. Introduction
Since 1922, when S. Banach proved in his PhD thesis (see [62]) the celebrated
Contraction Principle for self-mappings on a complete metric space, several hun-
dreds of researchers have tried to generalize or improve it. Basically, these general-
izations were done in two directions—either the contractive condition was replaced
by some more general one, or the environment of metric spaces was widened. In
the first direction, a lot of improved results appeared, like Kannan’s, Chatterjea’s,
Zamfirescu’s, Hardy-Rogers’s, C´iric´’s, Meir-Keeler’s, Boyd-Wong’s, to mention just
a few. The other direction of investigations included introduction of semimetric,
quasimetric, symmetric, partial metric, b-metric, and many other classes of spaces.
Of course, not all of these attempts were useful in applications, which should
be the main motive for such investigations. Some of them were even not real
generalizations, since the obtained results appeared to be equivalent to the already
known ones.
It seems that -D. Kurepa was the first to replace the set R of real numbers
by an arbitrary partially ordered set as a codomain of a metric (see [218]). This
approach was used by several authors in mid-20th century, who used various names
(abstract metric spaces, K-metric spaces, . . . ) for spaces thus obtained (see, e.g.,
[199, 210, 345, 363]). The applications were mostly in numerical analysis.
The interest in such spaces increased after the 2007 paper [153] of L. G. Huang
and X. Zhang, who re-introduced the mentioned type of spaces under the name of
cone metric spaces. Their approach included the use of interior points of the cone
which defined the partial order of the space. The original paper [153] used also the
assumption of normality of the cone, but later most of the results were obtained
for non-normal cones, however with more complicated proofs.
It was spotted very early that (topological vector) cone metric spaces were
metrizable (see, e.g., [114, 136, 190, 204]). However, this does not necessarily mean
that all fixed point results in cone metric spaces reduce to their standard metric
counterparts, since at least some of them still depend on the particular cone that is
used. Hence, the research in these spaces has continued and more than 300 papers
has appeared—most of them are cited in the list of references of the present paper
(we probably skipped some of them, but it was not on purpose).
The intention of this article is, first, to recollect the basic properties of cones in
(topological) vector spaces which are important for research in cone metric spaces.
In particular (non)-normal and (non)-solid cones are investigated in some details.
Then, it is shown that each solid cone in a topological vector space can be essentially
replaced by a solid and normal cone in a normed space (even with normal constant
equal to 1). Thus, most of the theory of (TVS) cone metric spaces can be easily
reduced to the respective problems in standard metric spaces.
It has to be noted that some problems still remain to which the previous assertion
cannot be applied— we will mention some of them in Section 4.
The present paper can also be treated as a continuation and refinement of the
existing survey articles on this theme, like [170, 201, 273].
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2. Topological and ordered vector spaces
We start our paper with some basic facts about ordered topological vector spaces.
For more details, the reader may consult any book on this topic, e.g., [25,101,182,
314, 357].
2.1. Topological vector spaces. Throughout the paper, E will denote a vector
space over the field R of real numbers, with zero-vector denoted by θ. A topology τ
on E is called a vector topology if linear operations (x, y) 7→ x+ y and (λ, x) 7→ λx
are continuous on E×E, resp. R×E. In this case, (E, τ) is called a (real) topological
vector space (TVS). If a TVS has a base of neighbourhoods of θ whose elements
are (closed and absolutely) convex sets in E, then it is called locally convex (LCS).
The topology of an LCS can be characterized using seminorms. Namely, a non-
negative real function p on a vector space E is called a seminorm if: 1◦ p(x+ y) ≤
p(x) + p(y) for x, y ∈ E; 2◦ p(λx) = |λ| p(x) for x ∈ E, λ ∈ R. It is easy to prove
that a function p : E → R is a seminorm if and only if p is the Minkowski functional
of an absolutely convex and absorbing set M ⊂ E, i.e., p = pM is given by
x 7→ pM (x) = inf{λ > 0 | x ∈ λM }.
Here, one can take M = { x ∈ E | p(x) < 1 }. The following proposition provides
the mentioned characterization.
Proposition 2.1. Let { pi | i ∈ I } be an arbitrary family of seminorms on a vector
space E. If Ui = { x ∈ E | pi(x) < 1 }, i ∈ I, then the family of all scalar multiples
λU , λ > 0, where U runs through finite intersections U =
⋂n
j=1 Uj, forms a base
of the neighbourhoods of θ for a locally convex topology τ on E in which all the
seminorms pi are continuous. Each LCS (E, τ) can be described in such a way. If
we put in the previous construction Ui = { x ∈ E | pi(x) ≤ 1 }, we obtain a base of
neighbourhoods of θ constituted of closed absolutely convex sets.
The easiest (and well known) examples of locally convex spaces are normed and,
in particular, Banach spaces. The topology is then generated by a single norm
which is the Minkowski functional of the unit ball.
2.2. Cones in ordered topological vector spaces. Let (E, τ) be a real TVS. A
subset C of E is called a cone if: 1◦ C is closed, nonempty and C 6= {θ}; 2◦ x, y ∈ C
and λ, µ ≥ 0 imply that λx + µy ∈ C; 3◦ C ∩ (−C) = {θ}. Obviously, each cone
generates a partial order C in E by
x C y ⇐⇒ y − x ∈ C
(we will write just  if it is obvious which is the respective cone). And conversely, a
partial order  on E generates a cone C = { x ∈ E | x  θ }. If  is a partial order
on a TVS E, then (E, τ,) is called an ordered topological vector space (OTVS). If
x  y and x 6= y, we will write x ≺ y.
The most important examples of OTVS’s are special cases of the following one.
Example 2.1. Let X be a nonempty set and E be the set of all real-valued func-
tions f defined on X . Let a relation  be defined on E by f  g if and only if
f(x) ≤ g(x) for all x ∈ X . If τ is a vector topology on E such that the respective
cone C = { f ∈ E | f(x) ≥ 0, x ∈ X } is τ -closed, then (E, τ,) is an OTVS.
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If (E,) is an ordered vector space (with the respective cone C) and x, y ∈ E,
x  y, then the set
[x, y] = { z ∈ E | x  z  y } = (x+ C) ∩ (y − C)
is called an order-interval. A subset A of E is order-bounded if it is contained in
some order-interval. It is order-convex if [x, y] ⊂ A whenever x, y ∈ A and x  y.
It has to be remarked that the families of convex and order-convex subsets of an
ordered vector space are incomparable in general.
An OTVS (E, τ,) is said to be order-convex if it has a base of neighborhoods
of θ consisting of order-convex subsets. In this case the order cone C is said to be
normal. In the case of a normed space, this condition means that the unit ball is
order-convex, which is equivalent to the condition that there is a number K such
that x, y ∈ E and θ  x  y imply that ‖x‖ ≤ K‖y‖. The smallest constant K
satisfying the last inequality is called the normal constant of C.
Equivalently, the cone C in (E, ‖ · ‖,C) is normal if the Sandwich Theorem
holds, i.e., if
(2.1) (∀n) xn  yn  zn and lim
n→∞
xn = lim
n→∞
zn = x imply lim
n→∞
yn = x.
In particular, if a cone is normal with the constant equal to 1, i.e., if θ  x  y
implies that ‖x‖ ≤ ‖y‖, the cone is called monotone w.r.t. the given norm.
The following is an example of a non-normal cone.
Example 2.2. [345] Let E = C1R[0, 1] with ‖x‖ = ‖x‖∞ + ‖x
′‖∞ and C = { x ∈
E | x(t) ≥ 0, t ∈ [0, 1] }. Consider, for example, xn(t) =
tn
n and yn(t) =
1
n ,
n ∈ N. Then θ  xn  yn, and limn→∞ yn = θ, but ‖xn‖ = maxt∈[0,1] |
tn
n | +
maxt∈[0,1] |t
n−1| = 1n + 1 > 1; hence {xn} does not converge to zero. It follows by
(2.1) that C is a non-normal cone.
The cone C in an OTVS (E, τ) is called solid if it has a nonempty interior intC.
There are numerous examples of cones which are solid and normal. Perhaps the
easiest is the following one.
Example 2.3. Let E = Rn with the Euclidean topology τ . Let the cone C be
given as in Example 2.1, i.e., C = { (xi)ni=1 | xi ≥ 0, i = 1, 2, . . . , n }. Then it is
easy to see that C is a solid and normal cone in (E, τ).
Example 2.2 shows that there exists a cone which is solid and non-normal. A lot
of spaces which are important in functional analysis have cones which are normal
and non-solid. We present just two of them.
Example 2.4. (see, e.g., [176]) Consider E = c0 (the standard Banach space of all
real 0-sequences) and let C = { x = {xn} | xn ≥ 0, n ∈ N }. It follows easily that
C is a normal cone in E. Let us prove that it has an empty interior.
Take any x = {xn} ∈ C. If xn = 0 for n ≥ n0, then obviously x /∈ intC.
Otherwise, for arbitrary ε > 0, there exists n0 ∈ N such that xn <
ε
2 for all n > n0.
Construct a sequence y = {yn} by
yn =
{
xn, if n ≤ n0,
−xn, for n > n0.
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Then, at least one of yn is strictly negative, hence y /∈ C. However, ‖x − y‖ =
supn>n0 |2xn| < ε, therefore, the ball B(x, ε) is not a subset of C. Thus, intC = ∅.
Example 2.5. [242] Let E = L2(R, µ)∩C(R) be equipped with the norm ‖ · ‖E =
‖ · ‖L2 + ‖ · ‖∞, where µ is the Lebesgue measure. Let
C = { h ∈ E | h(t) ≥ 0, t ∈ R }
be the cone of all positive elements in E. We will show that C has an empty
interior. For any f ∈ C and each δ > 0, define Nf (δ) = { t ∈ R | f(t) ≥ δ }. Then
µ(Nf (δ)) <∞, and therefore µ(R \Nf (δ)) =∞. Note that
µ(R \Nf (δ)) = µ
(⋃
r∈Q
(
B(r, δ) ∩ (R \Nf (δ))
))
≤
∑
r∈Q
µ
(
B(r, δ) ∩ (R \Nf (δ))
)
=∞,
which means that µ(A) > 0, where A = B(s, δ) ∩ (R \ Nf (δ)), for some s ∈ Q.
Define
g(x) =
{
f(x), x /∈ A,
f(x)− δ, x ∈ A.
Then g is negative on the set A of positive measure and
‖f − g‖L2 + ‖f − g‖∞ =
(∫
A
δ2 dµ
)1/2
+ sup
A
δ ≤ (2δ3)1/2 + δ.
Hence, for any f ∈ C and arbitrary ε > 0, we can find g /∈ C with ‖f − g‖E < ε,
i.e., there is no ball with centre f that lies inside C. Therefore, C has an empty
interior.
We state now the following properties of solid cones.
• [357, Proposition (2.2), page 20] e ∈ intC if and only if [−e, e] = (C−e)∩(e−C)
is a τ -neighbourhood of θ.
• If e ∈ intC, then the Minkowski functional ‖ · ‖e = p[−e,e] is a norm on
the vector space E. Indeed, one has just to prove that ‖x‖e = 0 implies that
x = θ. Suppose, to the contrary, that x 6= θ. Then, by the definition of infimum,
it follows that there is a sequence {λn} of positive reals tending to 0, and such
that x ∈ λn[−e, e], i.e., −λne  x  λne. It follows that the sequences {λne − x}
and {x + λne} both belong to C. Since they converge to −x and x, respectively,
the closedness of the cone C implies that −x, x ∈ C. Hence, x = θ, which is a
contradiction. See also [25, 167].
Note that this conclusion was stated in [200] [the paragraph before Theorem 3.1]
under the additional assumption that the cone C is normal. The previous proof
shows that this assumption is in fact redundant.
• If e1, e2 ∈ intC, then the respective norms ‖ · ‖e1 and ‖ · ‖e2 are equivalent. In
particular, the interiors of the cone C w.r.t. the norms ‖ · ‖e1 and ‖ · ‖e2 coincide;
in fact, they are equal to intτ C. This follows by the characterization of interior
points of a cone in an OTVS.
• If intτ C 6= ∅, then the topology τ is Hausdorff. Indeed, if e ∈ intC, then the
unit ball [−e, e] is a neighbourhood of θ in the topology generated by the norm
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‖ · ‖e. Since this norm topology is Hausdorff and not stronger than τ , it follows
that τ is Hausdorff, too.
We will show now that C is a cone, i.e., it is closed, in the topology generated
by ‖ · ‖e. Let xn ∈ C and xn → x as n→ ∞, in the norm ‖ · ‖e. This means that
−x  −(x − xn) 
1
ne for n ≥ n0. Passing to the limit as n → ∞, we get that
−x  θ, i.e., x  θ, and so x ∈ C.
Thus, we have proved the next assertion (see also [22, 101, 180, 284, 285, 346]).
Proposition 2.2. If C is a solid cone in an OTVS (E, τ,C), then there exists a
norm ‖ · ‖e on E which is monotone and such that the cone C is normal and solid
w.r.t. this norm. In particular, the cone C has the same set of interior points, both
in topology τ and in the norm generated by ‖ · ‖e.
Further, following [153], denote
(2.2) x≪ y if and only if y − x ∈ intC.
Let {xn} be a sequence in (E, τ,C) and c ∈ intC. We will say that {xn} is a c-
sequence if there exists n0 ∈ N such that xn ≪ c whenever n ≥ n0. The connection
between c-sequences and sequences tending to θ is the following.
• If xn → θ as n → ∞, then it is a c-sequence for each c ∈ intC. Indeed, if
c ∈ intC, then [−c, c] is a τ -neighbourhood of θ and it follows that int[−c, c] =
(intC − c) ∩ (c− intC) is also a τ -neighbourhood of θ. Hence, there exists n0 ∈ N
such that, for all n ≥ n0, xn ∈ (intC − c) ∩ (c− intC), i.e., c− xn ∈ intC, and so
xn ≪ c.
• The converse of the previous assertion is not true, i.e., xn ≪ c for some
c ∈ intC and all n ≥ n0 does not necessarily imply that xn → θ (see Example 2.2).
However, if the cone C is normal, then these two properties of a sequence {xn} are
equivalent.
Note also the following properties of bounded sets.
• If the cone C is solid, then each topologically bounded subset of (E, τ,C) is
also order-bounded, i.e., it is contained in a set of the form [−c, c] for some c ∈ intC.
• If the cone C is normal, then each order-bounded subset of (E, τ,C) is topo-
logically bounded. Hence, if the cone is both solid and normal, these two properties
of subsets of E coincide.
In other words, we have the following property (see, e.g., [345]).
Proposition 2.3. If the underlying cone of an OTVS is solid and normal, then
such TVS must be an ordered normed space.
The following old result of M. Krein can also be useful when dealing with cones
in normed spaces.
Proposition 2.4. [211] A cone C in a normed space (E, ‖ · ‖) is normal if and
only if there exists a norm ‖ · ‖1 on E, equivalent to the given norm ‖ · ‖, such that
the cone C is monotone w.r.t. ‖ · ‖1.
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3. Cone metric spaces
3.1. Definition and basic properties. As was already said in Introduction,
spaces with “metrics” having values in ordered spaces, more general than the set R
of real numbers, appeared under various names (abstract metric spaces, K-metric
spaces, . . . ) since the mid-20th century (see, e.g., [199,210,218,345,363]). Starting
from 2007 and the paper [153], some version of the following definition has been
usually used.
Definition 3.1. Let X be a non-empty set and (E, τ,) be an OTVS. If a mapping
d : X ×X → E satisfies the conditions
(i) d(x, y)  θ for all x, y ∈ X and d(x, y) = θ if and only if x = y;
(ii) d(x, y) = d(y, x) for all x, y ∈ X;
(iii) d(x, z)  d(x, y) + d(y, z) for all x, y, z ∈ X,
then d is called a cone metric on X and (X, d) is called a cone metric space.
Convergent and Cauchy sequences can be introduced in the following way.
Definition 3.2. Let (X, d) be a cone metric spaces with the cone metric having
values in (E, τ,), where the underlying cone C is solid. Let {xn} be a sequence
in X. Then we say that:
(1) the sequence {xn} converges to x ∈ X if for each c ∈ intC there exists
n0 ∈ N such that d(xn, x)≪ c holds for all n ≥ n0;
(2) {xn} is a Cauchy sequence if for each c ∈ intC there exists n0 ∈ N such
that d(xm, xn)≪ c holds for all m,n ≥ n0;
(3) the space (X, d) is complete if each Cauchy sequence {xn} in it converges
to some x ∈ X.
Note that, according to [180], in the previous definition, equivalent notions are
obtained if one replace ≪ by ≺ or .
The following crucial observation (which is a consequence of Proposition 2.2)
shows that most of the problems in cone metric spaces can be reduced to their
standard metric counterparts.
Proposition 3.1. Let X be a non-empty set and (E, τ,C) be an OTVS with a
solid cone C. If e ∈ intC is arbitrary, then D(x, y) = ‖d(x, y)‖e is a (standard)
metric on X. Moreover, a sequence {xn} is Cauchy (convergent) in (X, d) if and
only if it is Cauchy (convergent) in (X,D).
We will show in Section 4 how this approach simplifies most of the proofs con-
cerning fixed points of mappings.
Note that it is clear that the cone metric with values in (E, ‖·‖e,) is continuous
(as a function of two variables). Also, Sandwich Theorem holds (since the cone C
is normal in the new norm).
3.2. Completion and Cantor’s intersection theorem. Most of standard no-
tions from the setting of metric spaces, like accumulation points of sequences, open
and closed balls, open and closed subsets, etc., are introduced in the usual way.
Also, standard properties (e.g., that closed balls are closed subsets) can be easily
deduced, based on Proposition 2.2.
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As a sample, we state the following theorem on the completion of a cone metric
space and we note that, with the mentioned approach, its proof is much easier than
in [11].
Theorem 3.1. Let (X, d) be a cone metric space over an OTVS (E, τ,C) with a
solid cone. Then there exists a complete cone metric space (X˜, d˜) over an ordered
normed space (E, ‖ ·‖,C) with a solid and normal cone, containing a dense subset
(X˜∗, d˜∗), isometric with (X, d).
Now, we present a proof of the Cantor’s intersection theorem in the setting of
cone metric spaces.
Theorem 3.2. Let (X, d) be a cone metric space over an OTVS (E, τ,C) with a
solid cone. Then (X, d) is complete if and only if every decreasing sequence {Bn}
of non-empty closed balls in X for which the sequence of diameters tends to θ as
n → ∞, has a non-empty intersection, and more precisely, there exists a point
x ∈ X such that
⋂
∞
n=1Bn = {x}.
Proof. According to Propositions 2.2 and 2.4, without loss of generality, we can
assume that (X, d) is a cone metric space over an ordered normed space (E, ‖·‖,C)
with the cone C being solid and normal. Moreover, we can assume that the normal
constant of C is equal to 1 (i.e., the norm is monotone w.r.t. C).
Assume that (X, d) is a complete cone metric space, and let Bn = B[xn, cn], n ∈
N, be the sequence of non-empty, closed balls in X with the properties: Bn+1 ⊂ Bn,
n ∈ N, and cn → θ as n→∞. We first show that {xn} is a Cauchy sequence.
If m > n, we have xm ∈ Bm ⊂ Bn which implies that d(xm, xn)  cn. Since
cn → θ as n→∞, it follows that d(xm, xn)→ θ as n→∞, and consequently {xn}
is a Cauchy sequence.
The completeness of (X, d) implies the existence of x ∈ X such that xn → x as
n → ∞. Since xm ∈ Bn for all m ≥ n, and Bn is a closed subset of X , it follows
that x ∈ Bn for all n ∈ N, i.e., x ∈
⋂
∞
n=1Bn.
Suppose that there exists y ∈
⋂
∞
n=1Bn such that y 6= x. We thus get
d(x, y)  d(x, xn) + d(xn, y)  2cn,
which gives d(x, y)  θ and, as a consequence, we obtain x = y, a contradiction.
Hence,
⋂
∞
n=1Bn = {x}.
Conversely, to obtain a contradiction, suppose that (X, d) is not a complete cone
metric space. Then there exists a Cauchy sequence {xn} which does not converge
in X .
We construct a strictly increasing sequence of positive integers {ni} in the fol-
lowing way. If c1 ≫ θ, then there exists n1 ∈ N such that m > n1 implies
d(xm, xn1)≪ c1. Now, for c2 =
c1
2 there exists n2 > n1 such that d(xm, xn2)≪ c2
holds for all m > n2. We continue in this manner. For ci =
ci−1
2 , there exists
ni > ni−1 such that m > ni implies d(xm, xni)≪ ci.
Let us consider the sequence Bi = B[xni , 2ci], i ∈ N, such that ci =
c1
2i−1 → θ as
i→∞. We first show that Bi+1 ⊂ Bi for all i ∈ N. From y ∈ Bi+1, it follows that
d(y, xni+1)  2ci+1, hence that
d(y, xni)  d(y, xni+1) + d(xni+1 , xni)  2ci+1 + ci = 2
ci
2
+ ci = 2ci,
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and finally that y ∈ B[xni , 2ci]. We thus get y ∈ Bi, which is the desired conclusion.
Let us prove that
⋂
∞
i=1 Bi = ∅. Indeed, if there exists an x ∈
⋂
∞
i=1 Bi, then
x ∈ Bi for all i ∈ N and thus d(x, xi)  2ci, i ∈ N. For m > ni, we have
d(x, xm)  d(x, xni) + d(xni , xm)  2ci + ci = 3ci.
The normality of the cone C gives d(x, xm) → θ as m → ∞ (since m > ni). This
contradicts the fact that the Cauchy sequence {xn} does not converge in X . 
Comparing the previous proof with the one of [167, Theorem 3.10]), we see that
our result is more general and with a shorter proof.
4. Fixed point results in cone metric spaces
4.1. Some fixed point results. Most of the papers from the present list of ref-
erences dealt with some (common) fixed point problems in cone metric spaces.
However, the majority of the obtained results are in fact direct consequences of the
corresponding results from the standard metric spaces. We will show this just on
certain examples, but it will be clear that the same procedure can be done in most
of the other cases.
Thus, let (X, d) be a cone metric space over an OTVS (E, τ,) with a solid
cone C. Let f, g : X → X be two self-mappings satisfying fX ⊂ gX , and assume
that one of these two subsets of X is complete. Consider the following contractive
conditions:
(1) (Banach) d(fx, fy)  λd(gx, gy), λ ∈ (0, 1);
(2) (Kannan) d(fx, fy)  λd(gx, fx) + µd(gy, fy), λ, µ ≥ 0, λ+ µ < 1;
(3) (Chatterjea) d(fx, fy)  λd(gx, fy) + µd(gy, fx), λ, µ ≥ 0, λ+ µ < 1;
(4) (Reich) d(fx, fy)  λd(gx, gy) + µd(gx, fx) + νd(gy, fy), λ, µ, ν ≥ 0, λ +
µ+ ν < 1;
(5) (Zamfirescu) one of the conditions
d(fx, fy)  λd(gx, gy), λ ∈ (0, 1)
d(fx, fy)  λd(gx, fx) + µd(gy, fy), λ, µ ≥ 0, λ+ µ < 1
d(fx, fy)  λd(gx, fy) + µd(gy, fx), λ, µ ≥ 0, λ+ µ < 1;
(6) (Hardy-Rogers) d(fx, fy)  λd(gx, gy)+µd(gx, fx)+νd(gy, fy)+ξd(gx, fy)+
pid(gy, fx), λ, µ, ν, ξ, pi ≥ 0, λ+ µ+ ν + ξ + pi < 1;
(7) (C´iric´) d(fx, fy)  λu(x, y), for some u(x, y) belonging to one of the fol-
lowing sets{
d(gx, gy),
d(gx, fx) + d(gy, fy)
2
,
d(gx, fy) + d(gy, fx)
2
}
{
d(gx, gy), d(gx, fx), d(gy, fy),
d(gx, fy) + d(gy, fx)
2
}
where λ ∈ (0, 1).
Theorem 4.1. If one of the conditions (1)–(7) is satisfied for all x, y ∈ X, then
the mappings f and g have a unique point of coincidence. Moreover, if f and g are
weakly compatible, then they have a unique common fixed point in X.
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Proof. Let e ∈ intC be arbitrary. Based on Propositions 2.2, 2.4 and 3.1, consider
the metric space (X,D), where D(x, y) = ‖d(x, y)‖e. Then, the self-mappings
f, g : X → X satisfy one of the following contractive conditions:
(1′) D(fx, fy) ≤ λD(gx, gy), λ ∈ (0, 1);
(2′) D(fx, fy) ≤ λD(gx, fx) + µD(gy, fy), λ, µ ≥ 0, λ+ µ < 1;
(3′) D(fx, fy) ≤ λD(gx, fy) + µD(gy, fx), λ, µ ≥ 0, λ+ µ < 1;
(4′) D(fx, fy) ≤ λD(gx, gy)+µD(gx, fx)+νD(gy, fy), λ, µ, ν ≥ 0, λ+µ+ν <
1;
(5′) one of the conditions
D(fx, fy) ≤ λD(gx, gy), λ ∈ (0, 1)
D(fx, fy) ≤ λD(gx, fx) + µD(gy, fy), λ, µ ≥ 0, λ+ µ < 1
D(fx, fy) ≤ λD(gx, fy) + µD(gy, fx), λ, µ ≥ 0, λ+ µ < 1;
(6′) D(fx, fy) ≤ λD(gx, gy)+µD(gx, fx)+νD(gy, fy)+ξD(gx, fy)+piD(gy, fx),
λ, µ, ν, ξ, pi ≥ 0, λ+ µ+ ν + ξ + pi < 1;
(7′) one of the conditions
D(fx, fy) ≤ λ
{
D(gx, gy),
D(gx, fx) +D(gy, fy)
2
,
D(gx, fy) +D(gy, fx)
2
}
D(fx, fy) ≤ λ
{
D(gx, gy), D(gx, fx), D(gy, fy),
D(gx, fy) +D(gy, fx)
2
}
where λ ∈ (0, 1).
It is well known (see, e.g., [304] for the case g = idX ; the general cases are
similar) that, in each of these cases, it follows that the mappings f and g have a
unique point of coincidence. The conclusion in the case of weak compatibility is
also standard (see, e.g., [177]). 
For C´iric´’s quasicontraction (see also [304]), but for a single mapping, the fol-
lowing cone metric version can be proved in a similar way.
Theorem 4.2. Let (X, d) be a complete cone metric space over an OTVS (E, τ,)
with a solid cone C. Let f : X → X be a self-mapping such that there exists
λ ∈ (0, 1) and, for all x, y ∈ X there exists
u(x, y) ∈ {d(x, y), d(x, fx), d(y, fy), d(x, fy), d(y, fx)}
satisfying d(fx, fy)  λu(x, y). Then f has a unique fixed point in X.
4.2. Results that cannot be obtained in the mentioned way. Certain fixed
point problems in cone metric spaces cannot be treated as in the previous sub-
section. This is always the case when the given contractive condition cannot be
transformed to an appropriate condition in the corresponding metric space (X,D).
As an example of this kind we recall a Boyd-Wong type result.
Let (E, τ,C) be an OTVS with a solid cone. A mapping ϕ : C → C is
called a comparison function if: (i) ϕ is nondecreasing w.r.t. ; (ii) ϕ(θ) = θ
and θ ≺ ϕ(c) ≺ c for c ∈ C \ {θ}; (iii) c ∈ intC implies c − ϕ(c) ∈ intC; (iv) if
c ∈ C \ {θ} and e ∈ intC, then there exists n0 ∈ N such that ϕn(c) ≪ e for each
n ≥ n0.
CONE METRIC SPACES 11
Theorem 4.3. [31, Theorem 2.1] Let (X, d) be a complete cone metric space over
(E, τ,C) with a solid cone. Let the mappings f, g : X → X be weakly compatible
and suppose that for some comparison function ϕ : C → C and for all x, y ∈ X
there exists u ∈ {d(gx, gy), d(gx, fx), d(gy, fy)}, such that d(fx, fy)  ϕ(u). Then
f and g have a unique common fixed point in X.
An additional example is provided by the following result.
Theorem 4.4. [99] Let (X, d) be a complete cone metric space over (E, ‖ · ‖,C)
with a solid cone. Let f : X → X and suppose that there exists a positive bounded
operator on E with the spectral radius r(A) < 1, such that d(fx, fy)  A(d(x, y))
for all x, y ∈ X. Then f has a unique fixed point in X.
In this case, passing to the space (E, ‖ ·‖e,C) cannot help, since the two norms
need not be equivalent and we have no information about the boundedness of A
and (if it is bounded) how r(A) has changed.
A very important special class of fixed point results are the Caristi-type ones,
and the huge literature is devoted to them. When cone metric spaces are concerned,
they are treated in details, e.g., in the papers [19, 85, 193, 200–202, 353], so we will
give here only some basic information.
The following result was proved in [19].
Theorem 4.5. [19, Theorem 2] Let (X, d) be a complete cone metric space over an
OTVP (E, ‖ · ‖,C) with a solid cone. Let F : X → C be a lower-semi-continuous
map and let f : X → X satisfy the condition
d(x, fx)  F (x) − F (f(x))
for any x ∈ X. Then f has a fixed point.
It is not clear whether, by passing to the space (E, ‖ ·‖e,) using the Minkowski
functional, this theorem reduces to the classical Caristi result. However, it is proved
in [202] that this is still the case if e ∈ intC can be chosen so that the corresponding
Minkowski functional p[−e,e] is additive. It is an open question whether this can be
done without this assumption.
5. Some “hybrid” spaces
As has been already mentioned, besides cone metric spaces, a lot of other gener-
alizations of standard metric spaces have been introduced and fixed point problems
in these settings have been investigated by several authors. There are among them
some “hybrid” spaces, i.e., spaces where axioms of several types are used simultane-
ously. Such are, e.g., cone b-metric spaces, cone-G-metric spaces, cone rectangular
metric spaces, partial cone metric spaces, cone spaces with c-distance and some
others. We will recall here definitions of two of these classes and how the work in
these classes can be easily reduced to the already known ones. Similar conclusions
hold for the other mentioned classes, too.
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5.1. Cone b-metric spaces. Cone b-metric spaces were introduced (under a dif-
ferent name) in [97] and some fixed point results were presented in this setting.
Definition 5.1. Let X be a non-empty set, (E, τ,) be an OTVS and s ≥ 1 be a
real number. If a mapping d : X ×X → E satisfies the conditions
(i) d(x, y)  θ for all x, y ∈ X and d(x, y) = θ if and only if x = y;
(ii) d(x, y) = d(y, x) for all x, y ∈ X;
(iii) d(x, z)  s(d(x, y) + d(y, z)) for all x, y, z ∈ X,
then d is called a cone b-metric on X and (X, d) is called a cone b-metric space
with parameter s.
Later, these and other researchers obtained a lot of (common) fixed point results
(see, [57, 63, 131, 137, 146, 234, 263, 323, 334, 360, 366]. However, similarly as in the
case of cone metric spaces, most of these results can be reduced to the case of
classical b-metric spaces of Bakhtin [61] and Czerwik [100]. Namely, similarly as
Proposition 3.1, the following can be deduced from Proposition 2.2.
Proposition 5.1. Let X be a non-empty set, (E, τ,C) be an OTVS with a solid
cone C and s ≥ 1 be a real number. If e ∈ intC is arbitrary, then D(x, y) =
‖d(x, y)‖e is a b-metric on X. Moreover, a sequence {xn} is Cauchy (convergent)
in (X, d) if and only if it is Cauchy (convergent) in (X,D).
5.2. Cone rectangular spaces. The following definition was given in [50].
Definition 5.2. Let X be a non-empty set and (E, τ,) be an OTVS. If a mapping
d : X ×X → E satisfies the conditions
(i) d(x, y)  θ for all x, y ∈ X and d(x, y) = θ if and only if x = y;
(ii) d(x, y) = d(y, x) for all x, y ∈ X;
(iii) d(x, y)  d(x,w) + d(w, z) + d(z, y) for all x, y ∈ X and all distinct points
w, z ∈ X \ {x, y},
then d is called a cone rectangular metric on X and (X, d) is called a cone rectan-
gular metric space.
In the papers [50,174,235,238,298,339,346], some fixed point results in cone rect-
angular spaces were obtained. The following proposition shows how most of these
results can be easily reduced to the corresponding known ones in the environment
of rectangular spaces defined by Branciari in [73].
Proposition 5.2. Let X be a non-empty set and (E, τ,C) be an OTVS with a
solid cone C. If e ∈ intC is arbitrary, then D(x, y) = ‖d(x, y)‖e is a rectangular
metric on X. Moreover, a sequence {xn} is Cauchy (convergent) in (X, d) if and
only if it is Cauchy (convergent) in (X,D).
6. The case of a non-solid cone
In this section, we will briefly consider the case when the underlying cone is
non-solid, but normal.
Let (E, ‖ · ‖,C) be an ordered normed space and let the cone C be normal, but
non-solid (see, e.g., Examples 2.4 and 2.5). The definition of a cone metric d on
an nonempty set X , over E, is the same as Definition 3.1. However, definition of
convergent and Cauchy sequences, as well as of the completeness, must be modified.
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Definition 6.1. Let (X, d) be a cone metric space over (E, ‖ ·‖,C), with the cone
C being normal (possibly non-solid). A sequence {xn} in X is said to converge to
x ∈ X if d(xn, x) → θ as n → ∞ (the convergence in the sense of norm in E).
Similarly, Cauchy sequences are introduced, as well as the completeness of the space.
In the view of Proposition 2.4, we can assume that the normal constant of C
is equal to 1, and further consider just the standard metric space (X,D), where
D(x, y) = ‖d(x, y)‖.
Open (resp. closed) balls in (X, d) can be introduced as follows: let x ∈ X and
c ∈ C \ {θ}. The open (resp. closed) ball with centre x and radius c are given by
B(x, c) = {y ∈ X | d(y, x) ≺ c} (resp. B(x, c) = {y ∈ X | d(y, x)  c}). It can be
easily shown that an open (closed) ball is an open (closed) subset of (X, d). We
will show this, e.g., in the case of a closed ball.
Thus, let yn ∈ B[x, c] and yn → y as n→ ∞ in (X, d). Then we have d(y, x) 
d(y, yn)+d(yn, x)  d(y, yn)+ c. By the Sandwich Theorem (which holds since the
cone C is normal), we get that d(y, x)  c, which means that y ∈ B(x, c).
However, note that the collection of open balls {B(x, c) | x ∈ X, c ∈ C \ {θ} }
does not necessarily form a base of topology on X . Indeed, it is not sure that
the intersection of two open balls contains a ball. For example, for X = R2,
C = { (x, y) | x, y ≥ 0 } and the points c1 = (1, 0), c2 = (0, 1) from C \ {θ}, there is
no c ∈ C \ {θ} such that c ≺ c1 and c ≺ c2.
Nevertheless, the theorem on completion holds in this case, too.
We conclude with the following open question.
Question 6.1. Construct a cone in a real TVS which is both non-normal and
non-solid.
Acknowledgement. The first and second author are grateful to the Ministry of
Education, Science and Technological Development of Serbia, Grants No. 174024
and 174002, respectively.
References
[1] Ch. T. Aage, J. N. Salunke, Some fixed point theorems for expansion onto mappings on
cone metric spaces, Acta Math. Sinica, English Ser., 27 (6) (2011), 1101–1106.
[2] M. Abbas, Y. J. Cho, T. Nazir, Common fixed point theorems for four mappings in TVS-
valued cone metric spaces, J. Math. Inequal. 5 (2) (2011), 287–299.
[3] M. Abbas, M. Ali Khan, S. Radenovic´, Common coupled fixed point theorems in cone metric
spaces for w-compatible mappings, Appl. Math. Comput. 217 (2010), 195–202.
[4] M. Abbas, I. Altun, Common fixed point results in ordered cone metric spaces, Hacettepe
J. Math. Stat, 42 (2013), 525–531.
[5] M. Abbas, M. Jovanovic´, S. Radenovic´, A. Sretenovic´, and S. Simic´, Abstract metric spaces
and approximating fixed points of a pair of contractive type mappings, J. Comput. Anal.
Appl. 13, (2) (2011), 243–253.
[6] M. Abbas, G. Jungck, Common fixed point results for noncommuting mappings without
continuity in cone metric spaces, J. Math. Anal. Appl. 341 (1) (2008), 416–420.
[7] M. Abbas, B. E. Rhoades, Fixed and periodic point results in cone metric spaces, Appl.
Math. Lett. 22 (2009), 511–515.
[8] M. Abbas, B. E. Rhoades, T. Nazir, Common fixed points for four maps in cone metric
spaces, Appl. Math. Comput. 216 (1) (2010), 80–86.
[9] M. Abbas, B. E. Rhoades, T. Nazir, Common fixed points of generalized contractive multi-
valued mappings in cone metric spaces, Math. Commun. 14 (2) (2009), 365–378.
14 S. ALEKSIC´, Z. KADELBURG, Z.D. MITROVIC´, S.RADENOVIC´
[10] M. Abbas, P. Vetro, S. F. Khan, On fixed points of Berinde’s contractive mappings in cone
metric spaces, Carpathian J. Math. 26 (2) (2010), 121–133.
[11] Th. Abdeljawad, Completion of cone metric spaces, Hacet. J. Math. Stat. 39 (1) (2010),
67–74.
[12] Th. Abdeljawad, Order norm completions of cone metric spaces, Numer. Funct. Anal. Op-
tim. 32 (5) (2011), 477–495.
[13] Th. Abdeljawad, Edelstein-type fixed point theorems in compact TVS-cone metric spaces,
Hacet. J. Math. Stat. 43 (4) (2014), 561–569.
[14] T. Abdeljawad, E. Karapinar, Quasicone metric spaces and generalizations of Caristi-Kirk’s
theorem, Fixed Point Theory Appl. Vol. 2009, Article ID 574387, 9 pages.
[15] T. Abdeljawad, D. Turkoglu, M. Abuloha, Some theorems and examples of cone Banach
spaces, J. Comput. Anal. Appl. 12 (4) (2010), 739–753.
[16] T. Abdeljawad, Sh. Rezapour, Some fixed point results in TVS-cone metric spaces, Fixed
Point Theory, 14 (2) (2013), 263–268.
[17] S. M. Abusalim, M. S. M. Noorani, Fixed point and common fixed point theorems on ordered
cone b-metric spaces, Abstract Appl. Math., Vol. 2013, Article ID 815289, 7 pages.
[18] S. M. Abusalim, M. S. M. Noorani, Tripled fixed point theorems in cone metric spaces under
F -invariant set and c-distance, J. Nonlinear Sci. Appl. 8 (5) (2015), 750–762.
[19] R. P. Agarwal, M. A. Khamsi, Extension of Caristi’s fixed point theorem to vector valued
metric spaces, Nonlinear Anal. 74 (2011), 141–145.
[20] R.P. Agarwal, W. Sintunavarat, P. Kumam, Coupled coincidence point and common cou-
pled fixed point theorems lacking the mixed monotone property, Fixed Point Theory Appl.,
2013:22 (2013).
[21] A. G. B. Ahmed, Z. M.Fadail, M. Abbas, Z. Kadelburg, S. Radenovic´, Some fixed and
periodic point results in abstract metric spaces, Abstr. Appl. Anal. Vol. 2012, Article ID
908423.
[22] S. Aleksic´, Lj. Paunovic´, S. Radenovic´, F. Vetro, Some critical remarks on the paper “A note
on the metrizability of TVS-cone metric spaces”, Vojno-tehnicˇki glasnik/ Military Technical
Courier 65 (3) (2017), 1–8.
[23] M. A. Alghamdi, S. H. Alnafei, S. Radenovic´, N. Shahzad, Fixed point theorems for convex
contraction mappings on cone metric spaces, Math. Comput. Modell. 54 (2011), 2020–2026.
[24] M. Alimohammady, J. Balooee, S. Radojevic´, V. Rakocˇevic´, M. Roohi, Conditions of regu-
larity in cone metric spaces, Appl. Math. Comput. 217 (2011), 6359–6363.
[25] C. D. Aliprantis, R. Tourky, Cones and Duality, Grad. Stud. Math. 84, Amer. Math. Soc.,
Providence, RI, 2007.
[26] S. H. Alnafei, S. Radenovic´, N. Shahzad, Fixed point theorems for mappings with convex
diminishing diameters on cone metric spaces, Appl. Math. Lett. 24 (2011), 2162–2166.
[27] I. Altun, B. Damjanovic´, D. -Doric´, Fixed point and common fixed point theorems on ordered
cone metric spaces, Appl. Math. Lett. 23 (2010), 310–316.
[28] I. Altun, G. Durmaz, Some fixed point theorems in ordered cone metric spaces,
Rend. Circ. Mat. Palermo 58 (2009), 319–325.
[29] I. Altun, V. Rakocˇevic´, Ordered cone metric spaces and fixed point results, Com-
put. Math. Appl. 60 (2010), 1145–1151.
[30] A. Amini-Harandi, M. Fakhar, Fixed point theory in cone metric spaces obtained via the
scalarization method, Comput. Math. Appl. 59 (11) (2010), 3529–3534.
[31] I. Arandjelovic´, Z. Kadelburg, S. Radenovic´, Boyd-Wong-type common fixed point results
in cone metric spaces, Appl. Math. Comput. 217 (2011), 7167–7171.
[32] I. Arandjelovic´, D. Kecˇkic´, A counterexample on a theorem of Khojasteh, Goadarzi and
Razani, Fixed Point Theory Appl., Vol. 2010, Article ID 470141, 6 pages.
[33] I. Arandjelovic´, D. Kecˇkic´, TVS-cone metric spaces as a special case of metric spaces,
arXiv:1202.5930v1 [math. FA] 27 Feb 2012.
[34] I. Arandjelovic´, D. Kecˇkic´, On nonlinear quasicontractions on TVS-cone metric spaces,
Appl. Math. Lett. 24 (2011), 1209–1213.
[35] M. Arshad, Fixed points in topological vector space (tvs) valued cone metric spaces,
Adv. Fixed Point Theory 5 (2) (2015), 135–146.
[36] M. Arshad, J. Ahmad, On multivalued contractions in cone metric spaces without normality,
The Scientific World J., Vol. 2013, Art. ID 481601, 3 pages.
CONE METRIC SPACES 15
[37] M. Arshad, A. Azam, P. Vetro, Common fixed point of generalized contractive type mappings
in cone metric spaces, IAENG Int. J. Appl. Math. 41 (3) (2012).
[38] M. Asadi, Possibility or impossibility of the metrizability of cone metric spaces via renorm-
ing the Banach spaces, Nonlinear Funct. Anal. Appl. 19 (3) (2014), 409–413.
[39] M. Asadi, B. E. Rhoades, H. Soleimani, Some notes on the paper “The equivalence of cone
metric spaces and metric spaces”, Fixed Point Theory Appl. 2012, 2012:87.
[40] M. Asadi, H. Soleimani, M. Vaezpour, An order on subsets of cone metric spaces and fixed
points of set-valued contractions, Fixed Point Theory Appl., Vol. 2009, Article ID 723203.
[41] M. Asadi, H. Soleimani, S. M. Vaezpour, B. E. Rhoades, On T-stability of Picard iteration
in cone metric spaces, Fixed Point Theory Appl., Vol. 2009, Article ID 751090, 6 pages.
[42] M. Asadi, S. M. Vaezpour, V. Rakocˇevic´, B. E. Rhoades, Fixed point theorems for contractive
mappings in cone emtric spaces, Math. Commun. 16 (1) (2011), 147–155.
[43] M. Asadi, M. Vaezpour, B. E. Rhoades, H. Soleimani, Metrizability of cone metric spaces
via renorming the Banach spaces, Nonlinear Anal. Appl., Vol. 2012, Article ID jnaa-00160,
5 pages.
[44] H. Aydi, A common fixed point for a family of compatible mapsings involving a quasi-
contraction on cone metric spaces, Thai J. Math. 11 (2013), 157–171.
[45] H. Aydi, E. Karapinar, S. Moradi, Coincidence points for expansive mappings under c-
distance in cone metric spaces, Intern. J. Math. Math. Sci., Vol. 2012, Article ID 308921,
11 pages.
[46] H. Aydi, E. Karapinar, Z. Mustafa, Coupled coincidence point results on generalized distance
in ordered cone metric spaces, Positivity, Vol. 2013, Art. ID 17, 979–993.
[47] H. Aydi, B. Nashine, B. Samet, H. Yazidi, Coincidence and common fixed point results
in partially ordered cone metric spaces and applications to integral equations, Nonlinear
Anal. TMA 74 (2011), 6814–6825.
[48] H. Aydi, B. Samet, C. Vetro, Coupled fixed point results in cone metric spaces for w-
compatible mappings, Fixed Point Theory Appl. 2011:27 (2011).
[49] A. Azam, M. Arshad, Kannan fixed point theorem on generalized metric spaces, J. Nonlinear
Sci. Appl., 1 (1) (2008), 45–48.
[50] A. Azam, M. Arshad, I. Beg, Banach contraction principle on cone rectangular metric
spaces, Appl. Anal. Discrete Math. 3 (2009), 236–241.
[51] A. Azam, M. Arshad, I. Beg, Existence of fixed points in complete cone metric spaces,
Int. J. Mod. Math. 5 (1) (2010), 91–99.
[52] A. Azam, I. Beg, Kannan type mapping in TVS-valued cone metric spaces and their appli-
cation to Urysohn integral equations, Sarajevo J. Math. 9 (22) (2013), 243–255.
[53] A. Azam, I. Beg, M. Arshad, Fixed point in topological vector space valued cone metric
spaces, Fixed Point Theory Appl., Vol. 2010, Article ID 604084, 9 pages.
[54] A. Azam, B. Fisher, M. Khan, Common fixed point theorems in complex valued metric
spaces, Num. Funct. Anal. Optim. 32 (3) (2011), 243–253.
[55] A. Azam, N. Mehmood, Multivalued fixed point theorems in tvs-cone metric spaces, Fixed
Point Theory Appl. 2013:184 (2013).
[56] A. Azam, N. Mehmood, Fixed point theorems for multivalued mappings in G-cone metric
spaces, J. Inequal. Appl. 2013:354 (2013).
[57] A. Azam, N. Mehmood, J. Arshad, S. Radenovic´,Multivalued fixed point theorems in cone
b-metric spaces, J. Inequal. Appl. 2013:582 (2013).
[58] A. Azam, B. E. Rhoades, Some fixed point theorems for a pair of mappings on a cone metric
space, IAENG Int. J. Appl. Math. 42:3 (2012).
[59] G. V. R. Babu, P. D. Sailaja, Common fixed point theorems of C´iric´ type weak contractions
in cone metric spaecs, Thai J. Math. 10 (2012), 517–533.
[60] J-S. Bae, S-H. Cho, Fixed points and variational principle with application to equilibrium
problems on cone metric spaces, J. Korean Math. Soc. 50 (2013), 95–109.
[61] I. A. Bakhtin, The contraction principle in quasimetric spaces, Func. An., Ulianowsk, Gos.
Ped. Inst. 30 (1989), 26–37.
[62] S. Banach, Sur les ope´rations dans les ensembles abstraits et leur applications aux e´quations
inte´grales, Fund. Math. 3 (1922), 133–181.
[63] B. Bao, Sh. Xu, L. Shi, V. C´ojbasˇic´ Rajic´, Fixed point theorems on generalized c-distance
in ordered cone b-metrioc spaces, Int. J. Nonlinear Anal. Appl. 6 (1) (2015), 9–22.
16 S. ALEKSIC´, Z. KADELBURG, Z.D. MITROVIC´, S.RADENOVIC´
[64] R. Batra, D. Vashistha, Coupled coincidence point theorems for nonlinear contractions un-
der c-distance in cone metric spaces, Ann. Funct. Anal. 4 (2013), 138–148.
[65] R. Batra, D. Vashistha, Coupled coincidence point theorems for nonlinear contractions un-
der (F, g)-invariant set in cone metric spaces, J. Nonlinear Sci. Appl. 6 (2013), 86–96.
[66] R. Batra, D. Vashistha, Some coupled coincidence point results c-distance in cone metric
spaces, Engin. Math. Letters 2 (2013), 90–114.
[67] R. Batra, S. Vashistha, R. Kumar, Coupled coincidence point theorems for mappings without
mixed monotone property under c-distance in cone metric spaces, J. Nonlinear Sci. Appl. 7
(2014), 345–358.
[68] I. Beg, M. Abbas, T. Nazir, Generalized cone metric spaces, J. Nonlinear Sci. Appl., 3 (1)
(2010), 21–31.
[69] I. Beg, M. Abbas, T. Nazir, Common fixed point results in G-cone metric spaces,
J. Adv. Res. Pure Math. 2 (2010), 94–109.
[70] I. Beg, A. Azam, M. Arshad, Common fixed points for maps on topological vector space
valued cone metric spaces, Int. J. Math. Sci., Vol. 2009, Article ID 560264, 8 pages.
[71] T. Bekeshie, G. A. Naidu, Recent fixed point theorems for T -contractive mappings and T -
weak (almost) contractions in metric and cone metric spaces are not real generalizations,
J. Nonlinear Anal. Optim. 4 (2013), 219–225.
[72] A. Boccuto, X. Dimitriou, Ascoli type theorems in the cone metric space setting, J. In-
equal. Appl. 2014:420 (2014).
[73] A. Branciari, A fixed point theorem of Banach-Caccioppoli type on a class of generalized
metric spaces, Publ. Math. Debrecen, 57 (2000), 31–37.
[74] H. Cakalli, A. Sonmez, C. Genc, On an equivalence of topological vector space valued cone
metric spaces and metric spaces, Appl. Math. Lett. 25 (2012), 429–433.
[75] N. Cakic´, Z. Kadelburg, S. Radenovic´, A. Razani, Common fixed point results in cone metric
spaces for a family of weakly compatible maps, Adv. Appl. Math. Sci. 1 (1) (2009), 183–207.
[76] W. Chaker, A. Ghribi, A. Jeribi, B. Krichen, Fixed point theorem for quasi-contractive
mapping in partial cone metric space, Afrika Mat. 26 (5-6) (2015), 1153–1159.
[77] P. Che, L-P. Yang, Common coupled fixed point theorems for ϕ-maps in cone metric spaces
on w-compatible mappings, J. Adv. Math. Stud. 7 (2) (2014), 90–103.
[78] Ch. M. Chen, On set-valued contractions of Nadler type in tvs-G-cone metric spaces, Fixed
Point Theory Appl. 2012:52 (2012).
[79] Ch. M. Chen, T. H. Chang, Common fixed point theorems for a weaker Meir-Keeler type
function in cone metric spaces, Appl. Math. Lett. 23 (11) (2010), 1336–1341.
[80] Ch.M. Chen, T.H. Chang, K.S. Juang Common fixed point theorems for the stronger Meir-
Keeler type function in cone ball-metric spaces, Appl. Math. Lett. 25 (2012), 692–697.
[81] K. Ph. Chi, T.V. An, Dugundji’s theorem for cone metric spaces, Appl. Math. Lett. 24 (3)
(2011), 387–390.
[82] S. H. Cho, Fixed point theorems for set-valued generalized contractive maps in cone metric
spaces, Int. J. Math. Anal. 7 (31) (2013), 1543–1555.
[83] S. H. Cho, J. S. Bae, Fixed point theorems for multivalued maps in cone metric spaces,
Fixed Point Theory Appl. 2011:87 (2011).
[84] S. H. Cho, J. S. Bae, Common fixed point theorems for mappings satisfying property (E.A)
on cone metric spaces, Math. Comput. Modelling 53 (2011), 945–951.
[85] S. H. Cho, J. S. Bae, K. S. Na Fixed point theorems for multivalued contractive mappings and
multivalued Caristi type mappings in cone metric spaces, Fixed Point Theory Appl. 2012:133
(2012).
[86] Y. J. Cho, R. Saadati, Sh. Wang, Common fixed point theorems on generalized distance in
ordered cone metric spaces, Comput. Math. Appl. 61 (2011), 1254–1260.
[87] B. S. Choudhury, L. Kumar, T. Som, N. Metiya, The point of coincidence and common
fixed point results in cone metric space, Adv. Fixed Point Theory 3 (2013), 77–92.
[88] B. S. Choudhury, L. Kumar, T. Som, N. Metiya, A weak contraction principle in partially
ordered cone metric space with three control functions, Intern. J. Anal. Appl. 6 (1) (2014),
18–27.
[89] B. S. Choudhry, N. Metiya, Fixed points of weak contractions in cone metric spaces, Non-
linear Anal. TMA 72 (2010), 1589–1593.
[90] B. S. Choudhry, N. Metiya, The point of coincidence and common fixed point for a pair of
mappings in cone metric spaces, Comput. Math. Appl. 60 (6) (2010), 1686–1695.
CONE METRIC SPACES 17
[91] B.S. Choudhury, N. Metiya, Coincidence point and fixed point theorems in ordered cone
metric spaces, J. Advan. Math. Stud. 5 (2012), 20–31.
[92] B.S. Choudhury, N. Metiya, Fixed point and common fixed point results in ordered cone
metric spaces, An. S¸t. Univ. Ovidius Constant¸a 20, 1 (2012), 55–72.
[93] K. J. Chung, Nonlinear contractions in abstract spaces, Kodai Math. J. 4 (1981), 288–292.
[94] Lj. C´iric´, H. Lakzian, V. Rakocˇevic´, Fixed point theorems for w-cone distance contraction
mappings in tvs-cone metric spaces, Fixed Point Theory Appl. 2012:3 (2012).
[95] Lj. C´iric´, B. Samet, C. Vetro, M. Abbas, Fixed points results for weak contractive mappings
in ordered K-metric spaces, Fixed Point Theory 13 (1) (2012), 59–72.
[96] A. S. Cvetkovic´, S. Radenovic´, S. Simic´, M. Stanic´, Generalized ϕ-contraction for four
mappings on cone metric spaces, Indian J. Math. (IJM), Special Volume on Professor Billy
Rhoades, 56 (2) (2014), 209–228.
[97] A. S. Cvetkovic´, M. Stanic´, S. Dimitrijevic´, S. Simic´, Common fixed point theorems for
four mappings on cone metric type space, Fixed Point Theory Appl., Vol. 2011, Article ID
589725, 15 pages.
[98] M. Cvetkovic´, Operatorial contractions on solid cone metric spaces, J. Nonlinear Convex
Anal. 17 (7) (2016), 1399–1408.
[99] M. Cvetkovic´, V. Rakocˇevic´, Quasi-contraction of Perov type, Appl. Math. Comput. 235
(2014), 712–722.
[100] S. Czerwik, Contraction mappings in b-metric spaces, Acta Math. Inform. Univ. Ostraviensis
1 (1993), 5–11.
[101] K. Deimling, Nonlinear Functional Analysis, Springer-Verlag, 1985.
[102] G. Deng, H. Huang, M. Cvetkovic´, S. Radenovic´, Cone valued measure of noncompactness
and related fixed point theorems, Bull. Intern. Math. Virtual Institute, 8 (2018), 233–243.
[103] C. Di Bari, R. Saadati, P. Vetro, Common fixed point in cone metric spaces for CJM pairs,
Math. Comput. Modell. 54 (9-10) (2012), 2348–2354.
[104] C. Di Bari, P. Vetro, Common fixed points in cone metric spaces for MK-pairs and L-pairs,
Ars Combinatoria 99 (2011), 429–437.
[105] H. S. Ding, M. Jovanovic´, Z. Kadelburg, S. Radenovic´, Common fixed point results for
generalized quasicontractions in tvs-cone metric spaces, J. Comput. Anal. Appl. 15 (3)
(2013), 463–470.
[106] H. S. Ding, Z. Kadelburg, E. Karapinar, S. Radenovic´, Common fixed points of weak con-
tractions in cone metric spaces, Abstr. Appl. Anal., Vol. 2012, Article ID 793862, 18 pages.
[107] H. S. Ding, L. Li, Coupled fixed point theorems in partially ordered cone metric spaces,
Filomat 25 (2011), 137–149.
[108] T. Dominguez, J. Lorenzo, I. Gatica, Some generalizations of Kannan’s fixed point theorem
in K-metric spaces, Fixed Point Theory, 13 (1) (2012), 73–83.
[109] M. -Dor -devic´, D. -Doric´, Z. Kadelburg, S. Radenovic´, D. Spasic´, Fixed point results under
C-distance in TVS-cone metric spaces, Fixed Point Theory Appl. 2011, 2011:29.
[110] D. -Doric´, Common fixed point theorems for generalized multivalued contractions on cone
metric spaces over a non-normal solid cone, Fixed Point Theory Appl. 2014:159 (2014).
[111] D. -Doric´, Z. Kadelburg, S. Radenovic´, Edelstein-Suzuki-type fixed point results in metric
and abstract metric spaces, Nonlinear Anal. TM&A 75 (2012), 1927–1932.
[112] Z. Drenkoweski, S. Migorski, N. S. Papagergiou, An Introduction to Nonlinear Analysis:
Applications, Kluwer Academic/ Plenum Publisher, New York 2003.
[113] D. -Dukic´, Lj. Paunovic´, S. Radenovic´, Convergence of iterates with errors of uniformly
quasi-Lipschitzian mappings in cone metric spaces, Kragujevac. J. Math. 35 (3) (2011),
399–410.
[114] Wei-Shih Du, A note on cone metric fixed point theory and its equivalence, Nonlinear
Anal. TMA 72 (2010), 2259–2261.
[115] Wei-Shih Du, Nonlinear contractive conditions for coupled cone fixed point theorems, Fixed
Point Theory Appl. Vol. 2010, Article ID 190606, 20 pages.
[116] Wei-Shih Du, New cone fixed point theorems for nonlinear multivalued maps with their
applications, Appl. Math. Lett., 24 (2011), 172–178.
[117] Wei-Shih Du, A simple proof of Caristi’s fixed point theorem without using Zorn’s lemma
and transfinite induction, Thai J. Math. 14 (2) (2016), 259–264.
[118] A. K. Dubey, U. Mishra, Some fixed point resutls of single-valued mapping for c-distance in
tvs-cone metric spaces, Filomat 30 (11) (2016), 2925–2934.
18 S. ALEKSIC´, Z. KADELBURG, Z.D. MITROVIC´, S.RADENOVIC´
[119] A. K. Dubey, R. Shukla, R. P. Dubey, Common fixed point theorems for T -Reich contraction
mapping in cone metric spaces, Adv. Fixed Point Theory 3 (2013), 315–326.
[120] A. K. Dubey, R. Verma, R. P. Dubey, Cone metric spaces and fixed point theorems of
contractive mappings for c-distance, Inter. J. Math. Appl. 3 (1) (2015), 83–88.
[121] E. Durmishi, K. Rasimi, A. Ibraimi, Finding a metric for a family of contractive functions,
Int. J. Math. Sci. Engg. Appls. (IJMSEA) 8 (6) (2014), 181–188.
[122] J. Eisenfeld, V. Lakshmikantham, Remarks on nonlinear contraction and comparison prin-
ciple in abstract cones, J. Math. Anal. Appl. 61 (1977), 116–121.
[123] Z. Ercan, On the end of the cone metric spaces, Topology Appl. 166 (2014), 10–14.
[124] Z. M. Fadail, A. G. B. Ahmad, Coupled fixed point theorems of single-valued mappings for
c-distance in cone metric spaces, J. Appl. Math., Vol. 2012, Article ID 246516, 20 pages.
[125] Z. M. Fadail, A. G. B. Ahmad, Common coupled fixed point theorems of single-valued
mapping for c-distance in cone metric space, Abstract Appl. Anal., Vol. 2012, Article ID
901792, 24 pages.
[126] Z. M. Fadail, A. G. B. Ahmad, Coupled coincidence point and common coupled fixed point
results in cone b-metric spaces, Fixed Point Theory Appl., 2013, 2013:177.
[127] Z. M. Fadail, A. G. B. Ahmad, Z. Golubovic´, Fixed point theorems of single-valued mapping
for c-distance in cone metric space, Abstract Appl. Anal., Vol. 2012, Article ID 826815, 11
pages.
[128] Z. M. Fadail, A. G. B. Ahmad, Lj. Paunovic´, New fixed point results of single-valued mapping
for c-distance in cone metric space, Abstract Appl. Anal., Vol. 2012, Article ID 639713, 12
pages.
[129] Z. M. Fadail, A. G. B. Ahmad, S. Radenovic´, Common fixed point and fixed point results
under c-distance in cone metric spaces, Appl. Math. Inform. Sci. Lett. 1 (2) (2012), 47–52.
[130] Z. M. Fadail, G. S. Rad, V. O¨ztu¨rk, S. Radenovic´, Some remarks on coupled, tripled and
n-tupled fixed points theorems in ordered abstract metric spaces, Far East J. Math. Sci. 97
(7) (2015), 809–839.
[131] K. Fallahi, M. Abbas, Gh. S. Rad, Generalized c-distance on cone b-metric spaces endowed
with a graph and fixed point results, Appl. Gen. Topology 18 (2) (2017), 391–400.
[132] K. Fallahi, A. Petrusel, G. S. Rad, Fixed point results for pointwise Chatterjea type mappings
with respect to a c-distance in cone metric spaces endowed with a graph, U.P.B. Sci. Bull.,
Series A, 80 (1) (2018), 47–54.
[133] X. Fan, Y. Liu, M. Song, Y. Ma, Some common fixed point theorems in cone metric spaces,
Adv. Fixed Point Theory 4 (3) (2014), 365–377.
[134] A. P. Farajzadeh, On the scalarization method in cone metric spaces, Positivity 18 (2014),
703–708.
[135] A. P. Farajzadeh, A. Amini-Harandi, D. Baleanu, Fixed point theory for generalized contrac-
tions in cone metric spaces, Commun. Nonlinear Sci. Numer. Simulat. 17 (2012), 708–712.
[136] Y. Feng, W. Mao, The equivalence of cone metric spaces and metric spaces, Fixed Point
Theory 11 (2) (2010), 259–264.
[137] J. Fernandez, N. Malviya, B. Fisher, The asymptotically reguylarity and sequences in partial
cone b-metric spaces with application, Filomat 30 (10) (2016), 2749–2760.
[138] R. Fierro, Fixed point theorems for set-valued mappings on TVS-cone metric spaces, Fixed
Point Theory Appl. (2015) 2015:221.
[139] M. Filipovic´, Lj. Paunovic´, S. Radenovic´, M. Rajovic´, Remarks on “Cone metric spaces and
fixed point theortems of T-Kannan and T-Chatterjea contractive mappings, Mathematical
and Computer Modelling 54 (2011), 1467–1472.
[140] Lj. Gajic´, D. Ilic´, V. Rakocˇevic´, On C´iric´ maps with generalized contractive iterate at
a point and Fisher’s quasicontractions in cone metric spaces, Appl. Math. Comput. 216
(2010), 2240–2247.
[141] Lj. Gajic´, V. Rakocˇevic´, Quasi-contractioons on a nonnonrmal cone metric space,
Funct. Anal. Appl. 46 (1) (2012), 62–65.
[142] Lj. Gajic´, V. Rakocˇevic´, On C´iric´ maps with a generalized contractive iterate at a point and
Fisher’s quasi-contractions in cone metric spaces, Appl. Math. Comput. 216 (8) (2010),
2240–2247.
[143] Xun Ge, A fixed point theorem for correspondences in cone metric spaces, Fixed Point
Theory 15 (2014), 79–86.
CONE METRIC SPACES 19
[144] R. George, Presˇic´ type hybrid contraction and fixed points in cone metric spaces, Adv. Fixed
Point Theory 3 (2013), 93–104.
[145] R. George, B. Fisher, Some generalized results of fixed points in cone b-metric spaces,
Math. Moravica 17 (2) (2013), 39–50.
[146] R. George, H. A. Nabwey, K. P. Reshma, R. Rajagoplan, Generalized cone b-metric spaces
and contraction principles, Mat. Vesnik 67 (4) (2015), 246–257.
[147] R. George, K. P. Reshma, R. Rajagopalan, A generalized fixed point theorem of Presˇiv´ type
in cone metric spaces and application to Markov process, Fixed Point Theory Appl. 2011:85
(2011).
[148] Y. Guo, A generalization of Banach’s contraction principle for some non-obviously con-
tractive operators in a cone metric space, Turk. J. Math. 35 (2011), 1–8.
[149] , R. H. Haghi, V. Rakocˇevic´, S. Rezapour, N. Shahzad, Best proximity results in regular
cone metric spaces, Rend. Circolo Mat. Palermo 60 (3) (2011), 323–327.
[150] R. H. Haghi, Sh. Rezapour, Fixed points of multifunctions on regular cone metric spaces,
Exposit. Math. 28 (2010), 71–77.
[151] Y. Han, R. Wang, Coincidence point and common fixed point theorems in cone metric type
spaces, Adv. Fixed Point Theory 5 (3) (2015), 342–358.
[152] Y. Han, Sh. Xu, Some new theorems of expanding mappings without continuity in cone
metric spaces, Fixed Point Theory Appl. 2013:3 (2013).
[153] L. G. Huang, X. Zhang, Cone metric spaces and fixed point theorems of contractive map-
pings, J. Math. Anal. Appl. 332 (2) (2007), 1468–1476.
[154] H. Huang, Conditions of non-normality in cone metric spaces, Mathematica Applicata 25
(4) (2012), 894–898.
[155] H. Huang, Z. Kadelburg, S. Radenovic´, A note on some recent results about multivalued
mappings in TVS-cone metric spaces, J. Adv. Math. Stud. 9 (2) (2016), 330–337.
[156] H. Huang, S. Radenovic´, D. -Doric´, A note on the equivalence of some metric and H-cone
metric fixed point theorems for multivalued contractions, Fixed Point Theory Appl., 2014,
2014:43.
[157] H. Huang, X. Shaoyuan, Some new topological properties in cone metric spaces, Research
Gate.
[158] H. Huang, S. Xu, Fixed point theorems of contractive mappings in cone b-metric spaces and
applications, Fixed Point Theory Appl. 2013, 2013:120.
[159] X. Huang, J. Luo, Ch. Zhu, X. Wen, Common fixed point theorem for two pairs of non-
self-mappings satisfying generalized C´iric´ type contraction condition in cone metric spaces,
Fixed Point Theory Appl. 2014:157 (2014).
[160] X. Huang, C. Zhu, X. Wen, Common fixed point theorem for four non-self mappings in cone
metric spaces, Fixed Point Theory Appl., Vol. 2010, Article ID 983802.
[161] X. Huang, Ch. Zhu, X. Wen, Lj. Lalovic´ Some common fixed point theorems for a family of
non-self mappings in cone metric spaces, Fixed Point Theory Appl. 2013:144 (2013).
[162] N. Hussain, M. H. Shah, KKM mapopings in cone b-metric spaces, Comput. Math. Appl. 62
(2011), 1677–1681.
[163] D. Ilic´, V. Rakocˇevic´, Common fixed points for maps on cone metric space,
J. Math. Anal. Appl. 341 (2) (2008), 876–882.
[164] D. Ilic´, V. Rakocˇevic´, Quasi-contraction on a cone metric space, Appl. Math. Lett. 22
(2009), 728–731.
[165] D. Ilic´, V. Rakocˇevic´, Kontraktivna preslikavanja na metricˇkim prostorima i uopsˇtenja,
Univerzitet u Niˇsu, Prirodno-matematicˇki fakultet, Niˇs, 2014 [in Serbian].
[166] Z. Izadi, K. Nourouzi, Fixed points of correspondences defined on cone metric spaces, Com-
put. Math. Appl. 60 (3) (2010), 653–659.
[167] J. Jachymski, J. Klima, Cantor’s intersection theorem for K-metric spaces with a solid cone
and a contraction principle, J. Fixed Point Theory Appl. 18 (2016), 445–463.
[168] J. Jachymski, J. Klima, Around Perov’s fixed point theorem for mappings on generalized
metric spaces, Fixed Point Theory 17 (2) (2016), 367–380.
[169] S. Jankovic´, Z. Golubovic´, S. Radenovic´, Compatible and weakly compatible mappings in
cone metric spaces, Math. Comput. Modeling 52 (2010), 1728–1738.
[170] S. Jankovic´, Z. Kadelburg, S. Radenovic´, On cone metric spaces: a survey, Nonlinear
Anal. 74 (2011), 2591–2601.
20 S. ALEKSIC´, Z. KADELBURG, Z.D. MITROVIC´, S.RADENOVIC´
[171] S. Jankovic´, Z. Kadelburg, S. Radenovic´, B. E. Rhoades, Assad-Kirk-type fixed point
theorems for a pair of nonself mappings on cone metric spaces, Fixed Point Theory
Appl. Vol. 2009, Article ID 761086, 16 pages.
[172] S. Jiang, Zh. Li, Extension of Banach contraction principle to partial cone metric spaces
over a non-normal solid cone, Fixed Point Theory Appl. 2013, 2013:250.
[173] Sh. Jiang, Zh. Li, Nonlinear quasi-contractions in non-normal cone metric spaces, Fixed
Point Theory Appl. 2014:165 (2014).
[174] M. Jleli, B. Samet, The Kannan fixed point theorem in a cone rectangular metric space,
J. Nonlinear Sci. Appl. 2 (3) (2009), 161–167.
[175] M. Jleli, M. Mursaleen, K. Sadarangani, B. Samet, A cone measure of noncompactness and
some generalizations of Darbo’s theorem with applications to functional integral equations,
J. Funct. Spaces, Vol. 2016, Article ID 9896502, 11 pages.
[176] M. Jovanovic´, Contribution to the theory of abstract metric spaces, PhD thesis, University
of Belgrade, Faculty of Mathematics, Belgrade, 2016.
[177] G. Jungck, Compatible mappings and common fixed points, Internat. J. Math. Math. Sci. 9
(1986), 771–779.
[178] G. Jungck, S. Radenovic´, S. Radojevic´, V. Rakocˇevic´, Common fixed point theorems for
weakly compatible pairs on cone metric spaces, Fixed Point Theory Appl., Vol. 2009, Article
ID 643840, 13 pages.
[179] Z. Kadelburg, P. P. Murthy, S. Radenovic´, Common fixed points for expansive mappings in
cone metric spaces, Int. J. Math. Analysis, 5 (27) (2011), 1309–1319.
[180] Z. Kadelburg, Lj. Paunovic´, S. Radenovic´, G. Soleimani Rad, Non-normal cone metric and
cone b-metric spaces and fixed point results, Scientific Publications of the State University
of Novi Pazar, Ser. A: Appl. Math. Inform. and Mech. vol. 8 (2) (2016), 177–186.
[181] Z. Kadelburg, M. Pavlovic´, S. Radenovic´, Common fixed point theorems for ordered contrac-
tions and quasicontractions in ordered cone metric spaces, Comput. Math. Appl. 59 (2010),
3148–3159.
[182] Z. Kadelburg, S. Radenovic´, Subspaces and Quotients of Topological and Ordered Vector
Spaces, University of Novi Sad, Institute of Mathematics, Novi Sad 1997.
[183] Z. Kadelburg, S. Radenovic´, Some common fixed point results in non-normal cone metric
spaces, J. Nonlinear Sci. Appl. 3 (3) (2010), 193–202.
[184] Z. Kadelburg, S. Radenovic´, Meir-Keeler-type conditions in abstract metric spaces,
Appl. Math. Lett. 24 (2011), 1411–1414.
[185] Z. Kadelburg, S. Radenovic´, Some results on set-valued contractions in abstract metric
spaces, Comput. Math. Appl. 62 (2011), 342–350.
[186] Z. Kadelburg, S. Radenovic´, Generalized quasicontractions in orbitally complete abstract
metric spaces, Fixed Point Theory 13 (2) (2012), 527–536.
[187] Z. Kadelburg, S. Radenovic´, Coupled fixed point results under tvs-cone metric spaces and
w-cone-distance, Advances Fixed Point Theory Appl. 2 (1) (2012), 29–46.
[188] Z. Kadelburg, S. Radenovic´, A note on various types of cones and fixed point results in cone
metric spaces, Asian J. Math. Appl. Vol. 2013, Article ID ama0104, 7 pages.
[189] Z. Kadelburg, S. Radenovic´, V. Rakocˇevic´, Remarks on “Quasi-contraction on a cone metric
space”, Appl. Math. Lett. 22 (2009), 1674–1679.
[190] Z. Kadelburg, S. Radenovic´, V. Rakocˇevic´, A note on equivalence of some metric and cone
metric fixed point results, Appl. Math. Lett. 24 (2011), 370–374.
[191] Z. Kadelburg, S. Radenovic´, V. Rakocˇevic´, Topological vector spaces-valued cone metric
spaces and fixed point theorems, Fixed Point Theory Appl., Vol. 2010, Article ID 170253,
17 pages.
[192] Z. Kadelburg, S. Radenovic´, B. Rosic´, Strict contractive conditions and common fixed point
theorems in cone metric spaces, Fixed Point Theory Appl., Vol. 2009, Article ID 173838, 14
pages.
[193] Z. Kadelburg, S. Radenovic´, S. Simic´, Abstract metric spaces and Caristi-Nguyen-type the-
orems, Filomat 25 (3) (2011), 111–124.
[194] E. Karapinar, Fixed point theorems in cone Banach spaces, Fixed Point Theory Appl.,
Vol. 2009, Article ID 09281, 9 pages.
[195] E. Karapinar, Couple fixed point theorems for nonlinear contractions in cone metric spaces,
Comput. Math. Appl. 59 (2010), 3656–3668.
CONE METRIC SPACES 21
[196] E. Karapınar, Some nonuique fixed point theorems of C´iric´ type on cone metric spaces,
Fixed Point Theory Appl., Vol. 2010, Article ID 123094, 14 pages.
[197] E. Karapinar, Wei-Shih Du, A note on b-cone metric and its related results: Generalizations
or equivalence?, Fixed Point Theory Appl. 2013, 2013:210.
[198] E. Karapinar, P. Kumam, W. Sintunavarat, Coupled fixed point theorems in cone metric
spaces with a c-distance and applications, Fixed Point Theory Appl. 2012, 2012:194.
[199] L. V. Kantorovich, The majorant principle and Newton’s method, Dokl. Akad. Nauk sssr
(n.s.), 76 (1951), 17–20.
[200] M. A. Khamsi, Remarks on cone metric spaces and fixed point theorems of contractive
mappings, Fixed Point Theory Appl., Vol. 2010, Article ID 315398, 7 pages.
[201] M. A. Khamsi, Generalized metric spaces: A survey, J. Fixed Point Theory Appl. 17 (3)
(2015), 455–475.
[202] M. A. Khamsi, P. J. Wojciechowski, On the additivity of the Minkowski functionals, Non-
linear Funct. Anal. Optim. 34 (6) (2013), 635–647.
[203] M. S. Khan, M. Samanipour, Fixed point theorems for some discontinuous operators in cone
metric space, Math. Morav. 12 (2) (2008), 29–34.
[204] M. Khani, M. Pourmahdian, On the metrizability of cone metric spaces, Topology Appl. 158
(2) (2011), 190–193.
[205] F. Khojasteh, Z. Goodarzi, A. Razani, Some fixed point theorems of integral type contraction
in cone metric spaces, Fixed Point Theory Appl. Volume 2010, Aticle ID 189684, 13 pages
[206] F. Khojasteh, A. Razani, S. Moradi, A fixed point of generalized TF -contraction mappings
in cone metric spaces, Fixed Point Theory Appl. 2011:14 (2011).
[207] D. Klim, D. Wardowski, Fixed point theorems for set-valued contractions in cone metric
spaces, J. Math. Anal. Appl. 334 (1) (2007), 132–139.
[208] D. Klim, D. Wardowski, Dynamic processes and fixed points of set-valued nonlinear con-
tractions in cone metric spaces, Nonlinear Anal. TMA 71 (2009), 5170–5175.
[209] W-M. Kong, L-P. Yang, Quadruple common fixed point theorems for w-compatible mappings
in ordered cone metric spaces, J. Adv. Math. Stud. 7 (2) (2014), 49–65.
[210] M. A. Krasnosel’ski, P. P. Zabreiko, Geometrical Methods in Nonlinear Analysis, Springer,
1984.
[211] M. Krein, Proprie´te´s fondamentales des ensembles coniques normeaux dans l’espace de
Banach, C.R. (Doklady) Acad. Sci. URSS (N.S) 28 (1940), 13–17.
[212] M. G. Krein, M. A. Rutman, Linear operators leaving invariant a cone in a Banach spaces,
Uspekhi Math. Nauk (N.S), 3 (1) (1948), 3–95.
[213] P. Kumam, N. V. Dung, V. T. L. Hang, Some equivalences between cone b-metric spaces
and b-metric spaces, Abstr. Appl. Anal. Vol. 2013, Article ID 573740, 8 pages.
[214] P. Kumam, H. Rahimi, G. Soleimani Rad, The existence of fixed and periodic point theorems
in cone metric type spaces, J. Nonlinear Sci. Appl. 7 (2014), 255–263.
[215] A. Kumar, S. Rathee, Fixed point and common fixed point results in cone metric space and
application to invariant approximation, Fixed Point Theory App. 2015:45 (2015).
[216] M. Kumar, P. Kumar, S. Kumar, Some common fixed point theorems using (CLRg) property
in cone metric spaces, Adv. Fixed Point Theory 2 (2012), 340–356.
[217] H. Kunze, D. La Torre, F. Mendivil, E. R. Vrscay, Generalized fractal transforms and self-
similar objects in cone metric spaces, Comut. Math. Appl. 64 (6) (2012), 1761-1769.
[218] -D. R. Kurepa, Tableaux ramifie´s d’ensembles, C. R.Acad. Sci. Paris 198 (1934), 1563–1565.
[219] M. A. Kutbi, J. Ahmad, A. Azam, On fixed point of α-ψ-contractive multi-valued mappings
in cone metric spaces, Abstract Appl. Anal., Vol. 2013, Art. ID 313782.
[220] H. Lakzian, F. Arabyani, Some fixed point theorems in cone metric spaces with w-distance,
Int. J. Math. Anal. 3 (2009), 1081–1086.
[221] A. Latif, N. Hussain, J. Ahmad, Coincidence points for hybrid contractions in cone metric
spaces, J. Nonlinear Convex Anal. 17 (5) (2016), 899–906.
[222] A. Latif, F. Y. Shaddad, Fixed point results for multivalued maps in cone metric spaces,
Fixed Point Theoty Appl., Vol. 2010, Article ID 941371, 11 pages.
[223] K. Li, S. Lin, Y. Ge, On statistical convergence in cone metric spaces, Topology Appl. 196
(2015) 641–651.
[224] Zh. Li, Sh. Jiang, On fixed point theory of monotone mappings with respect to a partial order
introduced by a vector functional in cone metric spaces, Abstract Appl. Anal., Vol. 2013,
Article ID 349305, 6 pages.
22 S. ALEKSIC´, Z. KADELBURG, Z.D. MITROVIC´, S.RADENOVIC´
[225] Zh. Li, Sh. Jiang, Common fixed point theorems of contractions in partial cone metric spaces
over non-normal cones, Abstract Appl. Anal., Vol. 2014, Article ID 653841, pages.
[226] Zh. Li, Sh. Jiang, Quasi-contractions restricted with linear bounded mappings in cone metric
spaces, Fixed Point Theory Appl. 2014:87 (2014).
[227] I-J. Lin, Ch-M. Chen, Ch-H. Chen, T-Y. Cheng, A note on tvs-G-cone metric fixed point
theory, J. Appl. Math., Vol. 2012, Article ID 407071, 10 pages.
[228] I-J. Lin, Ch-M. Chen, M. Jovanovic´, Tz-H. Wu, Fixed points and endpoints of set-valued
contractions in cone metric spaces, Abstract Appl. Math., Vol. 2012, Article ID 632638, 14
pages.
[229] S. Lin, Y. Ge, Compact-valued continuous relations on TVS-cone metric spaces, Filomat
27 (2) (2013), 327–332.
[230] S. Lin, K. Li, Y. Ge, On the metrizability of TVS-cone metric spaces, Publ. Inst. Math.,
Nouvelle se´rie, 98 (112) (2015), 271–279.
[231] W. Long, B. E. Rhoades, M. Rajovic´, Coupled coincidence points for two mappings in metric
spaces and cone metric spaces, Fixed Point Theory Appl. 2012:66 (2012).
[232] N. V. Luong, N. X. Thuan, K. P. R. Rao, Remarks on coupled fixed point theorems in cone
metric spaces, Mat. Vesnik 65 (1) (2013), 122–136.
[233] Y. Ma, Y. Liu, M. Song, Common fixed point theorems for a family of mappings in cone
metric spaces, Adv. Fixed Point Theory 4 (2014), 160–168.
[234] R. Maitra, Caccioppoli type fixed point result in cone-b-metric space, IJISET 1 (4) (2014),
3 pages.
[235] S. K. Malhotra, J.B. Sharma, S. Shukla, g-weak contraction in ordered cone rectangular
metric spaces, The Scientific World J., Vol. 2013, Art. ID 810732.
[236] S. K. Malhotra, S. Shukla, R. Sen, A generalization of Banach contraction principle in
ordered cone metric spaces, J. Advan. Math. Stud. 5 (2012), 59–67.
[237] S. K. Malhotra, S. Shukla, R. Sen, Some coincidence and common fixed points theorems on
cone metric spaces, Bul. Math. Anal. Appl. 4 (2012), 64–71.
[238] S. K. Malhotra, S. Shukla, R. Sen, Some fixed point theorems for ordered Reich type con-
tractions in cone rectangular metric spaces, Acta Math. Univ. Comenianae 82 (2) (2013),
165–175.
[239] S. K. Malhotra, S. Shukla, R. Sen, Some fixed point results in θ-complete partial cone metric
spaces, J. Adv. Math. Stud. 6 (2) (2013), 97–108.
[240] S. K. Malhotra, S. Shukla, R. Sen, N. Verma, Generalization of fixed point theorems in
partial cone metric spaces, Int. J. Math. Archive 2 (4) (2011), 610–616.
[241] S. K. Malhotra, S. Shukla, J. B. Sharma, Cyclic contractions in θ-complete partial cone
metric spaces and fixed point theorems, Jordan J. Math. Stat. 7 (3) (2014), 233–246.
[242] N. Mehmood, Personal communication.
[243] N. Mehmood, A. Azam, S. Aleksic´, Topological vector-space valued cone Banach spaces,
Intern. J. Anal. Appl. 6 (2) (2014), 205–219.
[244] N. Mehmood, A. Azam, I. Beg, Fixed points of Edelstein-type multivalued maps, Rend.
Circolo Mat. Palermo 63 (3) (2014), 399–407.
[245] N. Mehmood, A. Azam, Lj. Kocˇinac, Multivalued fixed point results in cone metric spaces,
Topology Appl. 179 (2015) 156–170.
[246] N. Mehmood, A. Azam, Lj. Kocˇinac, Multivalued Rψ,φ-weakly contractive mappings in
ordered cone metric spaces with applications, Fixed Point Theory 18 (2) (2017), 673–688.
[247] S. H. Mohanta, Common fixed points for mappings in G-cone metric spaces, J. Nonlinear
Anal. Appl., Vol. 2012, Article ID jnaa-00120, 13 pages.
[248] S. K. Mohanta, R. Maitra, A characterization of completeness in cone metric spaces, J. Non-
linear Sci. Appl. 6 (2013), 227–233.
[249] H. Mohebi, Topical functions and their properties in a class of ordered Banach spaces, Part
II, in: Continuous Optimization, Curent Trends and Modern Applications, Springer, 2005,
pp. 343–361.
[250] S. Moradi, A simple proof of Olatinwo’s theorem, 58 (1) (2012), 119–125.
[251] F. Moradlou, P. Salimi, Edelstein-Suzuki fixed point theorem in metric and cone metric
spaces; an implicit relation approach, Romai J. 9 (1) (2013), 70–89.
[252] F. Moradlou, P. Salimi, S. Radenovic´, Implicit relation and Eldestein-Suzuki type fixed point
results in cone metric spaces, Appl. Math. E-Notes, 14 (2014), 1–12.
CONE METRIC SPACES 23
[253] F. Moradlou, P. Salimi, P. Vetro, Some new extensions of Edelstein-Suzuki-type fixed point
theorems to G-metric and G-cone metric spaces, Acta Math. Sci. 33B (4) (2013), 1049–1058.
[254] J. Morales, E. Rojas, Cone metric spaces and fixed point theorems of T-Kannan contractive
mappings, Int. J. Math. Anal. 4 (4) (2010) 175–184.
[255] P. P. Murthy, K. T. Rashmi, Tripled common fixed point theorems for w-compatible map-
pings in ordered cone metric spaces, Adv. Fixed Point Theory 2 (2012), 157–175.
[256] P. P. Murthy, K. T. Rashmi, L. N. Mishra, Sub-compatible maps, weakly commuting maps
and common fixed points in cone metric spaces, Scientific Publications of the State Univer-
sity of Novi Pazar, Ser. A: Appl. Math. Inform. and Mech.vol. 8, 2 (2016), 139–148.
[257] H. K. Nashine, M. Abbas, Common fixed point of mappings satisfying implicit contractive
conditions in TVS-valued ordered cone metric spaces, J. Nonlinear Sci. Appl. 6 (2013),
205–215.
[258] H. K. Nashine, Z. Kadelburg, R. P. Pathak, S. Radenovic´, Coincidence and fixed point
results in ordered G-cone metric spaces, Math. Comput. Model. 57 (2013), 701–709.
[259] H. K. Nashine, Z. Kadelburg, S. Radenovic´, Coupled common fixed point theorems for
w∗-compatible mappings in ordered cone metric spaces, Appl. Math. Comput. 218 (2012),
5422–5432.
[260] J. O. Olaleru, Some generalizations of fixed point theorems in cone metric spaces, Fixed
Point Theory Appl., Vol. 2009, Article ID 657914, 10 pages.
[261] J. O. Olaleru, G. A. Okeke, H. Akewe, Coupled fixed point theorems of integral type mappings
in cone metric spaces, Kragujevac J. Math. 36 (2012), 215–224.
[262] H. Olaoluwa, J. Olaleru, Multipled fixed point theorems in cone metric spaces, Fixed Point
Theory Appl. 2014:43 (2014).
[263] I. M. Olaru, A. Branga, A. Oprea, Common fixed point results in b-cone metric spaces over
topological vector spaces, General Math. 20 (2012), 57–67.
[264] I. M. Olaru, N. A. Secelean, Vector comparison operators in cone metric spaces, Math. Re-
ports 16(66) (3) (2014), 431–442.
[265] M. O. Olatinwo, Coupled fixed point theorems in cone metric spaces, Ann. Univ. Ferrara 57
(2011), 173–180.
[266] M. O¨ztu¨rk, M. Basarir, On some common fixed point theorems with ϕ-maps on G-cone
metric spaces, Bull. Math. Anal. Appl. 3 (1) (2011), 121–133.
[267] M. O¨ztu¨rk, M. Basarir, On some coincidence and common fixed point theorems in G-cone
metric spaces, Thai J. Math. 9 (3) (2011), 647–657.
[268] E. de Pascale, G. Marino, P. Pietramala, The use of E-metric spaces in the search for fixed
points, Le Mathematiche 48 (1993), 367–376.
[269] H. K. Pathak, N. Shahzad, Fixed point results for generalized quasi-contraction mappings
in abstract metric spaces, Nonlinear Anal. TMA 71 (2009) 6068–6076.
[270] Lj. Paunovic´, Teorija apstraktnih metricˇkih prostora, Leposavic´ 2017 [in Serbian].
[271] M. Pavlovic´, S. Radenovic´, S. Radojevic´, Abstract metric spaces and Sehgal-Guseman-type
theorems, Comput. Math. Appl. 60 (2010), 865–872..
[272] B. Popovic´, S. Radenovic´, S. Shukla, Fixed point results to tvs-cone b-metric spaces, Gulf
J. Math. 1 (2013) 51–64.
[273] P. D. Proinov, A unified theory of cone metric spaces and its applications to the fixed point
theory, Fixed Point Theory Appl. 2013:103 (2013).
[274] P. D. Proinov, I. A. Nikolova, Iterative approximation of fixed points of quasi-contraction
mappings in cone metric spaces, J. Inequal. Appl. 2014:226 (2014).
[275] K. Prudhvi, Common fixed points of four mappings in cone metric spaces, Adv. In-
equal. Appl. 2014:27 (2014).
[276] S. Radenovic´, A pair of non-self mappings in cone metric spaces, Kragujevac J. Math. 36
(2) (2012), 189–198.
[277] S. Radenovic´, Common fixed points under contractive conditions in cone metric spaces,
Comput. Math. Appl. 58 (2009) 123–1278.
[278] S. Radenovic´, Z. Kadelburg, Quasi-contractions on symmetric and cone symmetric spaces,
Banach J. Math. Anal. 5 (1) (2011), 38–50.
[279] S. Radenovic´, Z. Kadelburg, Some results on fixed points of multifunctions on abstract
metrci spaces, Math. Comput. Model. 53 (2011) 746–754.
24 S. ALEKSIC´, Z. KADELBURG, Z.D. MITROVIC´, S.RADENOVIC´
[280] S. Radenovic´, M. Pavlovic´, Lj. Paunovic´, Z. Kadelburg, A note on generalized operator
quasicontractions in cone metric spaces, Scientific Publications of the state University of
Novi Pazar, Ser. A: Appl. Math. Inform. and Mech. 9 (2) (2017), 127–132.
[281] S. Radenovic´, V. Rakocˇevic´, Sh Rezapour, Common fixeed points for (g, f)-type maps in
cone metric spaces, Appl. Math. Comput. 218 (2011), 480–491.
[282] S. Radenovic´, B. E. Rhoades, Fixed point theorem for two non-self mappings in cone metric
spaces, Comput. Math. Appl. 57 (2009), 1701–1707.
[283] S. Radenovic´, S. Simic´, N. Cakic´, Z. Golubovic´, A note on tvs-cone metric fixed point theory,
Math. Comput. Model. 54 (2011), 2418–2422.
[284] S. Radenovic´, F. Vetro, Some remarks on Perov type mappings in cone metric spaces,
Mediterr. J. Math. 14:240 (2017).
[285] S. Radenovic´, F. Vetro, S. Xu, Some results of Perov type mappings, J. Adv. Math. Stud. 10
(3) (2017), 396–409.
[286] S. Radojevic´, Lj. Paunovic´, S. Radenovic´, Abstract metric spasces and Hardy-Rogers-type
theorems, Appl. Math. Lett. 24 (2011), 553–558.
[287] H. Rahimi, G. S. Rad, Note on “Common fixed point results for nocommuting mappings
without continuity in cone metric spaces”, Thai J. Math. 11 (3) (2013), 589–599.
[288] H. Rahimi, G. S. Rad, Common fixed point theorems and c-distance in ordered cone metric
spaces, Ukrainian Math. 12 (2014), 1845–1861.
[289] H. Rahimi, G. S. Rad, Fixed point theorems under c-distance in ordered cone metric spaces,
Int. J. Industrial Math. 6 (2) (2014), Art. ID IJIM-00253, 9 p.
[290] H. Rahimi, G. S. Rad, P. Kumam, Coupled common fixed point theorems under weak con-
tractions in cone metric type spaces, Thai J. Math. 12 (1) (2014), 1–14.
[291] H. Rahimi, S. Radenovic´, G. S. Rad, P. Kumam, Quadrupled fixed point results in abstract
metric spaces, Comput. Appl. Math. 33 (3) (2014), 671–685.
[292] H. Rahimi, B. E. Rhoades, S. Radenovic´, G. S. Rad, Fixed and periodic point theorems for
T-contractions on cone metric spaces, Filomat 27 (5) (2013), 881–888.
[293] H. Rahimi, P. Vetro, G. S. Rad, Some common fixed point results for weakly compatible
mappings in cone metric type spaces, Miskolc Math. Notes 14 (2013), 233–243.
[294] P. Raja, S. M. Vaezpour, Some extensions of Banach’s contraction principles in complete
cone metric spaces, Fixed Point Theory Appl., Vol. 2008, Article ID 768294, 11 pages.
[295] V. C´. Rajic´, S. Radenovic´, A note on tripled fixed point of w-compatible mappings in tvs-cone
metric spaces, Thai J. Math. 12 (3) (2014), 717–728.
[296] K. P. R. Rao, G. N. V. Kishore, A unique common triple fixed point theorem in partially
ordered cone metric spaces, Bull. Math. Anal. Appl. 3 (2011), 213–222.
[297] M. Rashid, N. Mehmood, A. Azam, S. Radenovic´, Fuzzy fixed point theorems in ordered
cone metric spaces, Filomat 29 (4) (2015) 887–896.
[298] R. A. Rashwan, S. M. Saleh, Some fixed point theorems in cone rectangular metric spaces,
Math. Aeterna 2 (60) (2012), 573–587.
[299] A. Razani, V. Rakocˇevic´, Z. Goodarzi, Generalized ϕ-contraction for a pair of mappings on
cone metric spaces, Appl. Math. Comput. 217 (2) (2011), 8889–8906.
[300] Sh. Rezapour, Best approximations in cone metric spaces, Math. Moravica 11 (2007), 85–88.
[301] Sh. Rezapour, R. H. Haghi, Fixed points of multifunctions on cone metric spaces, Nu-
mer. Funct. Anal. Optim. 30 (7-8) (2009), 1–8.
[302] Sh. Rezapour, R. H. Haghi, N. Shahzad, Some notes on fixed points of quasi-contraction
maps, Appl. Math. Lett. 23 (2010), 498–502.
[303] Sh. Rezapour, R. Hamlbarani, Some notes on the paper “Cone metric spaces and fixed point
theorems of contractive mappings” J. Math. Anal. Appl. 345 (2008), 719–724.
[304] B.E. Rhoades, A comparison of various definitions of contractive mappings, Trans. Amer.
Math. Soc., 226 (1977), 257–290.
[305] B. Rzepecki, On fixed point theorems of Maia type, Publ. Inst. Math. 28 (42) (1980), 179–
186.
[306] F. Sabetghadam, H. P. Masiha, Common fixed points for generalized ϕ-pairs of mappings
on cone metric spaces, Fixed Point Theory Appl., Vol. 2010, Article ID 718340, 8 pages.
[307] F. Sabetghadam, H. P. Masiha, A. H. Sanatpour, Some coupled fixed point theorems in cone
metric spaces, Fixed Point Theory Appl., Vol. 2009, Article ID 125426.
[308] I. Sahin, M. Telci, Fixed points of contractive mappings on complete cone metric spaces,
Hacet. J. Math. Stat. 38 (1) (2009) 59–67.
CONE METRIC SPACES 25
[309] I. Sahin, M. Telci, A theorem on common fixed points of expansion type mappings in cone
metric spaces, An. S¸t. Univ. Ovidius Constant¸a 18 (2010), 329–336.
[310] G. S. Saluja, Convergence theorems for generalized asymptotically quasiu-nonexpansive
mappings in cone metric spaces, CUBO A Math. J. 15 (3) (2013), 71–87.
[311] B. Samet, Common fixed point undert contractive condition of C´iric´ type in cone metric
spaces, Appl. Anal. Discrete Math. 5 (2011), 159–164.
[312] K. P. R. Sastry, Ch. S. Rao, A. Ch. Sekhar, M. Balaiah, N. A. Aprarao A coincidence point
theorem for expansive maps under c-distance in cone metric spaces, Int. J. Math. Archive
4 (1) (2013), 204–211.
[313] F. Shaddad, M. S. M. Noorani, Fixed point results in quasi-cone metric space, Abstract
Appl. Anal., Vol. 2013, Article ID 303662.
[314] H. H. Schaefer, Topological Vector Spaces, 3rd ed., Berlin-Heidelberg-New York: Springer-
Verlag, 1971.
[315] M. H. Shah, S. Simic´, N. Hussain, A. Sretenovic´, S. Radenovic´, Common fixed points
theorems for occasionally weakly compatible pairs on cone metric type spaces, J Com-
put. Anal. Appl. 14 (2) (2012), 290–297, 2012.
[316] W. Shatanawi, Partially ordered cone metric spaces and coupled fixed point results, Com-
put. Math. Appl. 60 (2010), 2508–2515.
[317] W. Shatanawi, Some common coupled fixed point results in cone metric spaces,
Int. J. Math. Anal. 4 (48) (2010), 2381–2388.
[318] W. Shatanawi, On w-compatible mappings and common coupled coincidence point in cone
metric spaces, Appl. Math. Lett. 25 (2012), 925–931.
[319] W. Shatanawi, Some coincidence point results in cone metric spaces, Math. Comput. Mod-
elling 55 (2012), 2023–2028.
[320] W. Shatanawi, F. Awawdeh, Some fixed and coincidence point theorems for expansive maps
in cone metric spaces, Fixed Point Theory Appl. 2012:19 (2012).
[321] W. Shatanawi, E. Karapınar, H. Aydi, Coupled coincidence points in partially ordered cone
metric spaces with a c-distance, J. Appl. Math., Vol. 2012, Article ID 312078, 15 pages.
[322] W. Shatanawi, V. C´. Rajic´, S. Radenovic´, A. Al-Rawashdeh, Mizoguchi-Takahashi-type
theorems in tvs-cone metric spaces, Fixed Point Theory Appl. 2012:106 (2012).
[323] L. Shi, Sh. Xu, Common fixed point theorems for two weakly compatible self-mappings in
cone b-metric spaces, Fixed Point Theory Appl. 2013:120 (2013).
[324] R. Shrivastava, Z. K. Ansari, M. Sharma, On generalization of some common fixed point
theorems for T -contraction in cone metric space, Int. J. Phys. Math. Sci. 2011, 83–87.
[325] S. Simic´, A note on Stone’s, Baire’s, Ky Fan’s and Dugundji’s theorem in tvs-cone metric
spaces, Appl. Math. Lett. 24 (6) (2011), 999–1002.
[326] A. Singh, R. C. Dimri, S. Bhatt, A unique common fixed point theorem for four maps in
cone metric spaces, Int. J. Math. Anal. 4 (2010), 1511–1517.
[327] T. Ch. Singh, Y. R. Singh, Some remarks on D-quasi contraction on cone symmetric space,
Intern. J. Math. Archive 5 (7) (2014), 75–78.
[328] W. Sintunavarat, Y. J. Cho, P. Kumam, Common fixed point theorems for c-distance in
ordered cone metric spaces, Comput. Math. Appl. 62 (2011), 1969–1978.
[329] W. Sintunavarat, Y.J. Cho, P. Kumam, Coupled fixed point theorems for weak contraction
mappings under F -invariant set, Abstract Appl. Anal. 2012, Article ID 324874, 15 pages.
[330] G. Soleimani Rad, K. Fallahi, Z. Kadelburg, New fixed point results under generalized c-
distance in tvs-cone b-metric spaces with an application to systems of Fredholm integral
equations, to appear in J. Math. Extensions.
[331] G. Song, X. Sun, Y. Zhao, G. Wang, New common fixed point theorems for maps on cone
metric spaces, Appl. Math. Lett. 23 (9) (2010), 1033–1037.
[332] A. So¨nmez, On paracompactness in cone metric spaces, Appl. Mathem. Lett. 23 (2010),
494–497.
[333] A. So¨nmez, H. Cakalli, Cone normed spaces and weighted means, Mathem. Comput. Mod-
ell. 52 (2010), 1660–1666.
[334] M. P. Stanic´, A. S. Cvetkovic´, S. Simic´, S. Dimitrijevic´, Common fixed point under contrac-
tive condition of C´iric´’s type on cone metric type spaces, Fixed Point Theory Appl. 2012:35
(2012).
26 S. ALEKSIC´, Z. KADELBURG, Z.D. MITROVIC´, S.RADENOVIC´
[335] R. Sumitra, V. R. Uthariaraj, R. Hemavathy, P. Vijayaraju, Common fixed point theorem
for non-self mappings satisfying generalized C´iric´ type contraction condition in cone metric
spaces, Fixed Point Theory Appl., Vol. 2010, Article ID 408086, 17 pages.
[336] R. Sumitra, V. R. Uthariaraj, R. Hemavathy, Common fixed point theorem for T -Hardy-
Rogers contraction mapping in a cone metric space, Int. Math. Forum 5 (30) (2010), 1495–
1506.
[337] M. R. H. Tavani, Some fixed point and common fixed point theorems in G-cone metric
spaces, Adv. Environ. Biol. 8 (7) (2014), 3387–3392.
[338] M. R. H. Tavani, Some fixed point theorems in quasi-cone metric spaces, Adv. Envi-
ron. Biol. 8 (7) (2014), 3382–3386.
[339] F. Tchier, C. Vetro, F. Vetro, A coincidence-point problem of Perov type on rectangular
cone metric spaces, J. Nonlinear Sci. Appl. 10 (2017), 4307–4317.
[340] H. L. Tidke, M. B. Dhakne, Existence and uniqueness of solution of differential equation of
second order in cone metric spaces, Fasc. Math. 45 (2010), 121–131.
[341] S. K. Tiwari, R. Pal, R. P. Dubey, Generalization of fixed point theorems in cone metric
spaces, Intern. J. Math. Archive 5 (5) (2014), 115–122.
[342] M. A. Tootkaboni, A. B. Salec, Algebraic cone metric spaces and fixed point theorems of
contractive mappings, Fixed Point Theory Appl. 2014:160 (2014).
[343] D. Turkoglu, M. Abuloha, Cone metric spaces and fixed point theorems in diametrically
contractive mappoings, Acta Math. Sin. (Engl. Ser.) 26 (3) (2010), 489–496.
[344] D. Turkoglu, M. Abuloha, T. Abdeljavad, KKM mappings in cone metric spaces and some
fixed point theorems, Nonlinear Anal. TMA 72 (2010), 348–353.
[345] J. S. Vandergraft, Newton method for convex operators in partially ordered spaces, SIAM
J. Numer. Anal. 4 (3) (1967), 406–432.
[346] F. Vetro, S. Radenovic´, Some results of Perov type on rectangular cone metric spaces,
J. Fixed Point Theory Appl., doi.org/10.1007/s11784-018-0520-y
[347] P. Vetro, Common fixed points in cone metric spaces, Rend. Circ. Mat. Palermo, Ser. II, 56
(2007), 464–468.
[348] N. Wairoijana, W. Sintunavarat, P. Kumam, Common tripled fixed point theorems for W -
compatibility mappings along with the CLRg property in abstract metric spaces, J. Inequal.
Appl. 2014:133 (2014).
[349] F. Wang, Sh. M. Kang, Sh. Wang, Fixed point theorems for generalized multivalued mappings
in cone metric spaces, Int. J. Math. Anal. 7 (6) (2013), 265–274.
[350] Sh. Wang, B. Guo, Distance in cone metric spaces and common fixed point theorems,
Appl. Math. Lett. 24 (2011), 1735–1739.
[351] Sh. Wang, M. S. Park, Common fixed point theorems in generalized ordered cone metric
spaces, Nonlinear Funct. Anal. Appl. 16 (3) (2011), 387–399.
[352] D. Wardowski, Endpoints and fixed points of set-valued contractions in cone metric spaces,
Nonlinear Anal. TMA 71 (2009), 512–516.
[353] K. Wlodarczyk, R. Plebaniak, Maximality principle and general results of Ekeland and
Caristi types without lower semicontinuity assumptions in cone uniform spaces with gener-
alized pseudodistances, Fixed Point Theory Appl. Vol. 2010, Article ID 175453, 37 pages.
[354] K. Wlodarczyk, R. Plebaniak, Periodic point, endpoint, and convergence theorems for dis-
sipative set-valued dynamic systems with generalized pesudodistances in cone uniform and
uniform spaces, Fixed Point Theory Appl. Vol. 2010, Article ID 864536, 32 pages
[355] K. Wlodarczyk, R. Plebaniak, C. Obczynski, Convergence theorems, best approximation and
best proximity for set-valued dynamic system of relatively quasi-asymptotic contractions in
cone uniform spaces, Nonlinear Anal. TMA 72 (2010), 794–805.
[356] K. Wlodarczyk, R. Plebaniak, M. Dolinski, Cone uniform, cone locally convex and cone
metric spaces, endpoints, set-valued dynamic systems and quasi-asympttotic contractions,
Nonlinear Anal. TMA 71 (2009), 5022–5031.
[357] Yau-Chuen Wong, Kung-Fu Ng, Partially Ordered Topological Vector Spaces, Claredon
Press, Oxford, 1973.
[358] S. Xiang, S. Xia, Notes on the metrizabilirty of cone metric spaces, College of Science,
Guizhon University, 550025.
[359] S. Xu, C´. Dolic´anin, S. Radenovic´, Some remarks on results of Perov type, J.
Adv. Math. Stud. 9 (3) (2016), 361–369.
CONE METRIC SPACES 27
[360] Sh. Xu, H. Huang, Correction: Fixed point theorems of contractive mappings in cone b-
metric spaces and applications, Fixed Point Theory Appl. 2014:55 (2014).
[361] Sh. Xu, A. Cheng, Y. Han, Correction: Some new theorems of expanding mappings without
continuity in cone metric spaces, Fixed Point Theory Appl. 2014:178 (2014).
[362] W. Xu, Ch. Zhu, Ch. Chen, Suzuki’s fixed point theorems for generalized mappings in partial
cone metric spaces over a solid cone, Fixed Point Theory Appl. 2016:47 (2016), 1–18.
[363] P. P. Zabrejko, K-metric and K-normed linear spaces: survey, Collect. Math. 48 (1997),
825–859.
[364] X. Zhang, Fixed point theorem of generalized quasi-contractive mapping in cone metric
spaces, Comput. Math. Appl. 62 (2011), 1627–1633.
[365] X. Zhang, Some new versions of Hahn-Banach theorem, Afrika Mat. 25 (3) (2014), 823–831.
[366] Ch. Zhu, W. Xu, T. Dosˇenovic´, Z. Golubovic´, Common fixed point theorems for cyclic
contractive mappings in partial cone b-metric spaces and applications to integral equations,
Nonlinear Anal. Model. Control 21 (6) (2016), 807–827.
